X 


UID & Z 223- Po244[q Aa 


A-V Nodal Reentrant Tachycardia 


Two Dimensional Echocardiography in Infective Endocarditis 


Quantitative Coronary Arteriography 


s” 


fe Contents on Page A6 





| Highly effective für many ; 


ome . from two * 
AL. DORIL 


from the 








cardiovascular P 
viewpoint FT 
E] A favorable cardiac profile: neither component ~ 


of ALDORIL usually has any direct effect on cardiac 
function— in long-term therapy cardiac output is 
*usually maintained. 

L] Control of sodium and fluid retention: ALDORIL 
often helps control fluid imbalance, particu- 
larly in those cases of hypertensive vascular 
disease where sodium and water retention 
is a problem. 
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As a fixed combination, ALDORIL is not 
indicated for initial therapy since hyper- 
tension requires therapy titrated tothe 
individual patient. If an available 
strength of ALDORIL meets the patient's 
titrated needs, the combination drug 
may be more convenient in patient 
management. Therapy should be 
reevaluated as necessary. 


ALDORIL is contraindicated in active ‘tl 
hepatic disease; anuria; hypersensitivity Æ ` 
to methyldopa or to hydrochloro- 
thiazide or other sulfonamide-derived 
drugs; if previous methyldopa therapy 
has been associated with liver 
disorders. In patients with renal 
disease, thiazides may precipitate 
azotemia. Use with caution in 
patients with severe renal disease 
or impaired hepatic function. 

It is important to recognize that a 
positive Coombs test, hemolytic 
anemia, and liver disorders may 
occur with methyldopa therapy. 

The rare occurrences of hemolytic 
anemia or liver disorders could lead 
to potentially fatal complications 
unless properly recognized and managed. 
For more details, see the brief summary 
of prescribing information. 
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view point 
Highly effective complementary agents: 
HydroDIURIL® (Hydrochlorothiazide, MSD), and 
ALDOMET® (Methyldopa, MSD), two well-accepted 
antihypertensives which usually maintain blood 
pressure control throughout the day. 

Greater dosage convenience (with a single tablet): 
a b.i.d. regimen is possible for many patients. 
Effect on daily activities usually minimal: there is 
less frequent symptomatic postural hypotension 
with ALDORIL than with many other antihyperten- 
sive agents. Exercise hypotension and diurnal 
blood pressure variations rarely occur. 








ALDORIL 


containing methyldopa and hydrochlorothiazide 


ALDORIL D50 


containing 500 mg ALDOMET? (Methyldopa, MSD) 
and 50 mg HydroDIURII® (Hydrochlorothiazide, MSD) 


ALDORIL D30 


containing 500 mg ALDOMET® (Methyldopa, MSD) 
and 30 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 
TABLET: 

ALDORIL*-25 containing 250 mg ALDOMET® (Methyldopa, MSD) 
and 25 mg HydroDIURII* (Hydrochlorothiazide, MSD) 

TABLETS 

ALDORIL*-15 containing 250 mg ALDOMET® (Methyldopa, MSD) 
and 15 mg HydroDIURIL® (Hydrochlorothiazide, M 


For a brief summary of prescribing information, EE 
please see following page. 
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d combination drug is not ind}eated for initial therapy of hypertension. 
i uires therapy titrated'to the individual patient. If the fixed com- 
nts the dosage so determined, its use may be more convenient in 
tent. The treatment of hypertension is not static, but must bere- 

ns in each patient warrant. Ss 


onthis of therapy. In some patients the findings are consistent with those 
Mestasis. Rarely fatal hepatic necrosis has been reported. These hepatic 
nges may represent hypersensitivity reactions: periodic. determination of 

unction should be done particularly during the first 6 to. 12 weeks of 


y or whenever an unexplained. fever occurs. If fever. abnormalities in liver 
tests, or jaundice appear, stop therapy with methyldopa. If caused by 

dopa, the temperature and abnormalities in liver function characteristically 

verted te normal when the drug was discontinued. Methyldopa should not 
ituted in sach. patients. - 


eversible reduction of white blood cell count with primary: effect on = 
tes has been seen. Reversible thrombocytopenia has occurred rarely. — 
d with other antihypertensive drugs, potentiation of antihypertensive 


fect may occur. Fellow patients carefully to detect side reactions or-unusual 
stations of drug idiosyncrasy. € vue 

YOROCHLOROTHIAZIDE — Use with caution in severe renal disease. In patients 

tenal disease, thiazides may precipitate azotemia, Cumulative effects may 

| function. Use with caution in patients 

Sive liver disease, since minor altera- 


other adverse reactions which have oc: 


F appear in breast milk: Patients t 
Mot nurse. 7 0s 2 : : 

METHYLDOPA — Should be used with caution in 

ious liver disease or dy: 


-becomes evident, consider : 
Thiazides may decrease serum PBI levels without signs of thyroid disturbance. £ 


atients with” 
ction (see Warnings). ay interfere. 


Wazide 15mg — 
igstate method, serum 
colorimetric methods. - 

at the same wavelengths - 
olamines may be reported. 
ytoma. it is important to. 


Me ication such as digitalis may alsc influence serum electrolytes. Warning 
signs, irrespective of cause, are dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, muscular fatigue, hypoten- 
sion, oliguria, tachycardia, and gastrointestinal disturbances such as nausea and 


vomiting. Hypokalemia may develop. especially with brisk diuresis, in severe cir- 


. thosis, with concomitant corticosteroids or ACTH, or with inadequate oral 
2 eie intake. Hypokalemia can sensitize or exaggerate response of heart to 


toxic effects of digitalis (e.g., increased ventricular irritability). Hypokalemia may 
be avoided or treated by use of potassium supplements, such as foods with a 
high potassium content. Any chloride deficit is generally mild and usually does 
not require specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in edematous 
patients in hot weather; appropriate therapy is water restriction, rather than adminis- _ 
tration of salt except in rare instances when the hyponatremia is life threatening. n” 
actual salt depletion, appropriate replacement is the therapy of choice. — 
Hyperuricemia may occur or frank gout may be precipitated in certain patients: 
Insulin requirements in diabetic patients may be increased, decreased, 
unchanged: latent diabetes: mellitus may become manifest. Thiazides may in- $ 
crease responsiveness to tubocurarina. Antihypertensive effects of the drug may. 
be enhanced in postsympathectomy. patients. May decrease arterial responsive: 
ness to norepinephrine; this diminution is aot sufficient to preclude effectiveness 
of the pressor agent for pee use. if progressive renal impairment 
ithholding or. discontinuing. diuretic therapy. 
Calcium excretion is decreased by thiazides. Pat ological. changes in the 
oid glands with hypercalcemia and hypophosphatemia hav: f 


artium 2 ; 
Served in a few patients on prolonged therapy; thiazides should be discontinued —. 


before testing for parathyroid functior. 
Adverse Reactions: METHYLDOPA — Central nervous. 
headache, asthenia or weakness. dizziness, lightheadedness 


edation, 
mptoms of 


ia, gastric irritation, ." 
ce: (intrahepatic 
am: Dizziness, 


g angiitis (vasculitis) = 

iS including pneumonitis, 
Suria. hyperuricemia, muscle 
n. Whenever adverse reac- 
ed. or therapy with- 


How Supplied: Tablets ALDORIL®-15, containi 
ochlorothiazide, bottles of 100 and 1900. 
Omi vut lotothi 


hydrochlorothiazide. 











round for secure, ret elec- 
estricted electrode trode separ: `p from 

ücement. the gel colur sting 

2 unique elliptical design them with a. 2r chloride 

ffset electrodes permits conductor. T wer ? Little or 

1cement on almost any body no movemen. - gel column, 


d ensures conformation 
dy contours. The special 
t activated adhesive resists 
oct loss due to perspiration 


producing a superior trace that 
virtually eliminates motion 
artifact. Since the snap is over 
the adhesive, leadwire induced 
artifact and loose electrodes 


+ when used on diaphoretic 
“ients) and loosening action 
v sed by.prep solutions. 


„et Dx...all the benefits 
ffset ECG monitoring 
odes...Plus 
er in size, maximizing site 
-ement flexibility 
Jre "aggressive" adhesive, 
,'iportant with problem patients 
id procedures 







* əss test and Holter Moni- 
»ing""** procedures 


itable for diaphoretic patients, 






caused by leadwire tugging 
are virtually eliminated. 


Unround Offset and Offset 
Dx...part of a total ECG 
monitoring system. 

Packaged for your con- 
venience, Offset electrodes are 
available in singles, 3's and 
25's. Offset Dx electrodes come 
in singles, 5's and 25's. A multi- 
ple layer foil package maintains 
a clean product that is virtually 
impervious to moisture/ vapor 
transmission. 


Offset and Offset Dx are part 
of our total ECG monitoring 
System that includes a com- 
plete line of cables, leadwires, 
recording charts and patient 
record forms. 


Unround, the result of 

new technology in ECG 
monitoring electrodes.* 
Advanced technology assures 
unprecedented conductivity 
and an end to trace deterio- 
ration problems. Specially 
formulated gel prevents pre- 
mature dry-out and provides 
low impedance for a strong, 
reliable trace. In actual 
defibrillation tests, Offset elec- 
trode trace recovery occurred 
in less than one second! 


Uninterrupted ECG monitoring 
is virtually assured. 





The Soft, flexible gel ring 
maintains a stable gel column, 
even during patient and/or 
leadwire movement. Motion arti- 
fact is greatly reduced. Further, 
the specially formulated low 
impedance gel ensures base- 
line stability and minimizes 
patient skin irritations. The 
result? A rapid, strong, clear 
trace that's trouble free. 
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In a study of 30 cardiac patients (10 as controls, 20 receiving 
furosemide), ‘Dyrenium’ (200 mg./day) was added to 10-6f the 
treated patients. After at least 10 days on the combined 
regimen, mean plasma potassium was significantly increased 
from pre-‘Dyrenium’ levels of 3.85 mEq./1. (5.12) o 4.54 
mEq./l. (27.12). Any K+ supplements were discontinued.* 


‘Dyrenium’ Has 
an Additive Effect. 


en used with another diuretic, initial 
osage of both agents should usually be 
reduced; careful supervision and dosage 
adjustment are required. K+ supple- 
ments should be discontinued and not 
reinstituted unless hypokalemia 
develops or dietary K+ intake is 
markedly reduced. K+ supple- 
ments are contraindicated when 
renium' is used alone. Hyper- 
alemia can occur, but it is rare 
when renal function is normal. 
Serum K* and BUN should be 
checked regularly (see Warn- 
ings below). 













1. Donaldson, E.K., et al.: Brit. 
M.J. 1:1254-5 (May 22) 1976. 
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Before prescribing, see complete prescribing information in SK&F 
literature or PDR. The following is a brief summary. 
Contraindications: Anuria. Severe or progressive kidney disease or 
dysfunction. Severe hépatic disease. Pre-existing elevated serum potas- 
sium. Hypersensitivity. Continued use in developing hyperkalemia. Do 
not give potassium supplements, either by drug or by diet. 
Warnings: Observe regularly for possible blood dyscrasias, liver damage 
or other idiosyncratic reactions. Check BUN and serum potassium 
periodically, especially in the elderly, diabetics, and those with suspected 
or confirmed renal insufficiency. Use in pregnancy requires weighing 
anticipated benefits against possible hazards to the fetus, including adverse 
reactions which have occurred in the adult. Triamterene may appear 
in breast milk. If its use is essential, the patient should stop 
nursing. 
"Dyrenium' and spironolactone are not usually 
used concurrently; if they are, however, 
frequent serum potassium determi- 
nations are required. 
Precautions: lf hyper- 
kalemia develops, withdraw 
the drug. The following may 
also occur: electrolyte imbal- 
ance, low-salt syndrome (with 
low salt intake), reversible mild 
nitrogen retention, decreasing 
alkali reserve with possible 
metabolic acidosis. Triamterene is a 
weak folic acid antagonist. Do 
periodic hematologic studies in 
cirrhotics with splenomegaly. Con- 
comitant use with antihypertensive 
drugs may result in an additive hypo- 
tensive effect. When 'Dyrenium' is to be 
discontinued after intensive or prolonged 
therapy, withdraw gradually because of 
possible rebound kaliuresis. 
Adverse Reactions: Diarrhea, nausea and 
vomiting (may indicate electrolyte imbal- 
ance), other gastrointestinal disturbances, 
weakness, headache, dry mouth, anaphylaxis, 
photosensitivity, elevated uric acid, rash. 
| Note: When combined with another diuretic, 
' the initial dosage of each agent should be lower 
than recommended. 
Supplied: 50 and 100 mg: 
of 100 and in Single Unit 
(intended for institutional usk only). 
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REPORTS ON THERAPY 


Prospective Randomized Trial of Glucose-insulin-Potassium 
in Acut Myocardial infarction. William J. Rogers; Peter. Ho 
Segall, Huey G. McDaniel, John A. Mantle, Richard O. Russel; 
Jr. and Charles E. Rackley. > 


Paradox of improved Exercise. but Not Resting Hemodynamics 
With Short-Term Prazosin in Chronic Heart Failure; Stanley Á. 
Rubin, Kanu Chatterjee, Harris J. Gelberg, Thomas A. Ports, 
Bruce H. Brundage and William W. Parmley - : 


PEDIATRIC CARDIOLOGY _ : 
Single and Two Dimensional Echocardiographic. Features of 
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Small size and long duration (o week or more) 
makes this €CG recorder ideal for determination 
of causes of transient dyspnea, angina, cerebral 
ischemia, transient arrhythmias, and for cardiac 
rehabilitation programs. 


Simple playback of programmed and patient 
activated recordings directly into office €CG units. 
No scanning or data processing equipment required. 


Patient activated mode and voice recordings simplify 
detection of €CG abnormalities and accurate correlation with 
symptoms or activity being investigated. 


For a demonstr 
Cardiodyne 





ion or further information write or call collect 





tspironole fone} 25 mg. tabl ets 


WARNING 
one has been shown to be a tumorigen inchronie: toxicity studies. 
beqeoisd has P Aldactone should be used only in those condition: 
under indications. Unnecessary use ofti drug should ' avoided. 


hosis and tre aiment ot primary: yperaldosteroni: 
hyperten: of congestive heart failure and the hepivolic syndrome, wi 
measures are considered inappropriate- Circhosis of the liver accompanied | 
iypokalemia. 
3 nde acu renal insuffi iciency, piss imp: 


naires Sencar ncrease in malignant 
male rats there was a dose-related increase in 
g dosage level (500 mg/kg.) the: 
hepatocytomegaly. hyperplastic nodules and hepatocellular « 
statisticall significant. - 
ients should: be. carefully evaluated fer 


occur. it 
a ganglion dong agents: therefore the dosage. of s 
prat lea: percent when adding Aldactone: Gynecomastia: 
breast enlargement may persist- Vascular fe 
Toreon qi be reduced: 

* << Spironolactone may cross the placental barrier. Use in pregnant women require 
fit be weighed against possible hazard to the fetus. Breast! teedi 
when Aldactone i ig being used 

yi s observed not infrequently Gastr 
mping and diarre: cwsiness. lethargy, headache, m; 
: ria. mental conti 


peni: 
cause-and-effect relation 
usually reversible upon discontinuati 
eg lt Administration — 
hy idosteron 
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rolyte imbalance is often a problem during digitalis therapy and most diuretics 
in worsen the problem. With both the thiazides and furosemide, fluid and electro- 
imbalance may lead to digitalis toxicity. 


tone for concomitant digitalis/diuretic therapy. 
lone? (spironolactone) provides gradual and sustained diuresis and, through 
jue mechanism, helps prevent hypokalemia with limited risk of hyperkalemia. 
“Aldactone does not adversely affect serum calcium, magnesium, and uric 
levels nor alter glucose tolerance. 


mitations to consider. 



















us Aldactone should be prescribed only when other measures are con- 
inadequate or inappropriate. (See boxed warning and Warnings section 
fone prescribing information, a brief summary of which appears on the 


Aldactone’ 


(spironolactone) 25-mg. tablets 









onsult the complete prescribing information, a brief summary of which appears on the facing page: 





ar Pacemaker 


thine lie’... sight ehe metically sealed 
standard connectors e unequalled reliability 


unipolar or bipolar 


KER 
IUM PACEMA 
LITH DL-201A 


VIVALITH™ 5 


R 
VI UNIPOLA 
y S/N D-0024 


": NM Call today tr “ee (800) 423-5611 
(in Califorr + (213) 367-1911) 


acesetter Systems, inc. 725 


Sylmar, / 


Where Reliability Is a Way of Life ™ Telex: 8 





687 Electroph 
i in Atrioventricular Nodal Reentrant Tachycardia 


JOSEPH A HONY C. GOMES, MALKIAT S. DHATT, DAVII 


g Electrophysiologic data obtained using His bundle electrograms 
: icular extrastimulus techniques. before and a i 


; p 
T region of th atrioventricular (A-V) node. 
; rns permitted the classification. of tt 


hysiologic ie FV node: of the A-V node. Dey 
mone pathways, the inherent rate of: 


at such an abnormal respons 
ment changes. Two hundred 





*INDICATIONS — Based on a review of this 

drug by the National Academy of Science 

National Research Council and/or other in- 

formation. FDA has classified the indication 
* asfollows: 


"Possibly" effective: For long-term therapy 
of chronic angina pectoris. Prolonged 
therapy may reduce the frequency or elim- 
inate anginal episodes, improve exercise 
tolerance, reduce nitroglycerin require- 
ments. The dr&qis not intended to abort the 
acute anginal a 


Final classification ohe less-than-effective 
indications requires fu'ther investigation 
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CONTRAINDICATIONS—No 
specific contraindications are 
known. 


PRECAUTIONS- Since exces- 
Sive doses can produce pe- 
ripheral vasodilation, the drug 
Should be used cautiously in 
patients with hypotension. 


ADVERSE REACTIONS— 
Adverse reactions are minimal 
and transient at recommended 
dosages. Instances of head- 
ache, dizziness, nausea, flush- 
ing, weakness or syncope, mild 
gastrointestinal distress and 


Ty- 
meen 
skin rash have been noted dur- — times g day, taken atleast on 
ing therapy. Rare cases of what hou 
appeared tobe an aggravation c 
of angina pectoris have been 









DOSAGE AND ADMINISTRA- : AE 
TION—The recommended dos- Boehringer Ingelheim ' .. 


age is 50 mg (2 tablets) three 







fore meals. In some ! 
higher doses may be nec* 
ry but a significantly 

reased incidence of side Na 
ts is associated withing X | 
creased dosage. Clinical re- 

sponse may not be evident be- 

fore the second or third . 
month of continuous therapy. 

Tablets of 25 mg 

For complete details, please see 

the full prescribing information. 
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, usually at the initia- 


herapy On those un- 
n occasions when ad- 












Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 





f me art of the heart... 
^. "Greek Heart". 19th century 


Greek ex-voto heart from 
Mykonos. 


Persantine is a non-nitrate 

coronary vasodilator, with 

no known contraindications, 

for the long-term therapy 

of chronic angina pectoris" 
TE The key to Persantine efficacy: 

give enough...long enough. 










: teen and resting and exercise myocardial perfusion | imaging, predic: id mori ccurately the 
obstructive coronary artery disease in 27 patients with chest pain than re 
7 imaging alone. The incidence rate of false positive diagnosis was highes | 
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deron d arteries in patients with chest br the investiga 
. Mene the absence of coronary a disease. as 


in th study of the reproducibility of aserclss induced ventricular hy the mean prevalence rate o 
tricul arrhythmias among 155 men 3 to 52 weeks after ocardial infarction. was 52 percent Except for: 
to 11 week test pairs the prevalence of premature ventric ular complexes did not change igr 
in faretion. Use of the kappa coefficient permits evaluation of the entir j 


alenco o of Diagnostic Abnormalities in Patients With Genetically Transmitted Jeymmeti Septal 
pertrophy | 


that are "silent" with the M-mode technique and 
permit the diagnosis of valve destruction. kE 
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Hygroton? (chlorthalidone USP) 
BRIEF SUMMARY 
ications: Hypertension, adjunctive therapy in edema. 


Contraindications: Anuria, hypersens tivity to 
'chlorthalidane or other sulfonamide-derived drugs 


"Warnings: Should be used with caution in severe renal 


~ disease, impaired hepatic function or progressive liver 


disease. May add to or potentiate the action of other 
antihypertensive drugs. Sensitivity reactions may occur in 
patients with a history of allergy or bronchial asthma. There 
is a possibility of exacerbation or activation of systemic 
lupus erythematosus with thiazides, which are related to 
chlorthalidone. This has not been reported with 
chlorthalidone. Thiazides cross the placental barrier 
and appear in cord blood. Use in pregnant 
women requires that the anticipated benefits 
ofthe drug be weighed against possible 
hazards to the fetus. These hazards include 
fetal or neonatal jaundice, 
thrombocytopenia, and possibly other 
adverse reactions which have occurred in 
the adult. In nursing mothers, thiazides 
cross the placental barrier and appear in 
breast milk. If use of the TE. 
drug is essential, the ji = 
patient should stop 
nursing. 

Precautions: 

Periodic 

determinaton of serum 
electrolytes to detect 
possible electrolyte imbalance 
should be performed at appropriate 

intervals. All patients receiving 

chlorthalidone should be observed for clinical 
signs of fluid or electrolyte imbalance; namely, 
hyponatremia, hypochloremic alkalosis, and hypokalemia 

Serum and urine electrolyte determinations are particularly 

important when the patient is vomiting 2xcessively or receiving 
parenteral fluids. Medication such as digitalis may also 

influence serum electrolytes. Hypokalemia may develop with 
chlorthalidone as with any other potent diuretic, especially with 

brisk diuresis, when severe cirrhosis ispresent, or during 

concomitant use of corticosteroids or ACTH. Interference with 
adequate oral electrolyte intake will also contribute to 

hypokalemia. Digitalis therapy may exaggerate metabolic effects of 
hypokalemia especially with reference to myocardial activity. Any 
chloride deficit is generally mild and usually does not require specific 
treatment except under extraordinary circumstances (as in liver 
disease or renal disease). Dilutional hyponatremia may occur in 
edematous patients in hot weather. Hyperuricemia may occur or gout 
be precipitated in certain patients. Insulin requirements in diabetic 
patients may be increased, decreased, or unchanged and latent 
diabetes mellitus may become manifest. Chlorthalidone and related 
drugs may increase the responsiveness to tubocurarine. The 
antihypertensive effects of the drug may be enhanced in the 
postsympathectomy patient. Chlorthalidone and related drugs may 
decrease arterial responsiveness to norepinephrine. If progressive 
renal impairment becomes evident, as indicated by a rising nonprotein 
nitrogen or blood urea nitrogen, a careful reappraisal of therapy is 
necessary with consideration given tc withholding or discontinuing 
diuretic therapy. Chlorthalidone and related drugs may decrease 
serum PB! levels without signs of thyroid disturbance. 


Adverse Reactions: Anorexia, gastric irritation, nausea, vomiting, 
cramping. diarrhea, constipation, jaundice (intrahepatic cholestatic 
jaundice), pancreatitis; dizziness, verigo, paresthesias, headache, 
xanthopsia; leukopenia, agranulocytcsis, thrombocytopenia, aplastic 
anemia; purpura, photosensitivity, rash, urticaria, necrotizing 

angiitis autos (cutaneous vasculitis), Lyell's syndrome (toxic 
-epidermai necrolysis). Orthostatic hypotension may occur and may be 
aggravated by alcohol, barbiturates or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, impotence. Whenever adverse 
reactions are sa fh severe, chiorthalidone dosage should be 





reduced or therapy drawn. 

Usual Dose: One let daily. 

How Supplied: J&blets— 100 mg. (white, scored), 50 mg. (aqua) 

and 25 mg. (pgffch) in bottles of 100 and 1000; unit-dose blister packs. 
boxes of 100 (J0 x 10 strips). Also, 100 mg. and 50 mg. in PAKs of 

28 tablets, bgkes of 6. 






USV Laboratories Inc. 
Manati, P.R. 00701 







Starting today | 


A new way to strike a 
favorable balance 
between benefit and risk 
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~(chlorthali USP) 


Antihypertensive effecti eness 
. demonstrated in a six-site multiclinic 
. double-blind study* 


Favorable Risk/Benefit Balance 


* Mean potassium values remained within normal range 


* No clinically significant hypokalemia, hyperuricemia, or 
bel hyperglycemia reported* 


Well-documented Benefits 


* Significant lowering of systolic and diastolic pressure 


e 24-hour natriuretic activity, convenient once-a-day 
dosage 
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*Multiclinic study involved 112 patients in: New Orleans, LA; Denver, CO: 
Nassau, Bahamas: Madison, WI; Paterson, NJ: East Meadow, NY. 
Data on file, USV Laboratories Inc. 
*With thiazide and thiazide-like diuretics, it is possible 
to develop certain electrolyte imbalances including 
hypokalemia, hyperuricemia and hyperglycemia. 
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In a multiclinic study*: 112 patients 
Diastolic Pressure 
Therapy Started 






Mean Values of Supine 
Diastolic Blood Pressure 




















Therapy Started 


Mean Values of 
Serum Potassium (mEq.liter) 


Therapy Stopped 












...during episodes of emotional stress or physical exertion 
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SUMMARY OF PRESCRIBING INFORMATION 
indications: Based on a review of this drug by The National Academy 
of Sciences—National Research Council and/or other information. 
FDA has classified the indications as follows 
Probably" effective: The chewable dosage form of SORBITRATE 
s indicated for the treatment of acute anginal attacks and for prophy- 
taxis in situations likely to provoke such attacks 





f 
| 
| 
| 
| 
| 
| 
| Final classification of the less-than-effective indications requires 
| further investigation 





Contraindications: A history of sensitivity to the drug. 
Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headache which may 
be severe and persistent. Lowering the 
lose and using analgesics will help control 
he headaches which usually diminish or 
disappear as therapy is continued 
Adverse reactions seen occasionally: 
Cutaneous vasodilation with flush- 
ing; transient dizziness and weak- 
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the two techniques are co pos, vegetation or valve destruction can be detected in 80 percent of cases com- 
pared with the Ñ- Sa techn me 


745 Inotropic Effect of Post-Stimulation Potentiation in Man: An Echocardiographic Study 


JOSEPH ANTHONY C. GOMES, CLARITA R. GARAMBAS, LAURENCE M. MATHEWS, -~ 
HARRIETTE E. MORAN and ANTHONY N. DAMATO 


Echocardiographic studies performed in 11 human subjects during incremental atrial or ventricular pacing 


showed that the positive inotropic effects of such stimulation on the left ventricle are reflected as post-stimula- 


tion potentiation that is related to the pacing rate. At any given rate decay in potentiation occurred rapidly within. 


four to five beats after pacing was stopped. For the first post-stimulation beat at maximal paced rates (146 + 3 
beats/min), the ejection fraction (+23 percent) and percent fractional shortening (+45 percent) increased signif- 
icantly and volume (—52 percent) decreased significantly. Similar significant changes of a lesser. magnitude oc- 


curred at lower paced rates. These observations suggest that the enhanced potentiation of the post-stimulation ^ 
beat is due to.an enhanced inotropic state of the left ventricle and is partly related to decreases in left ventricular ccu 


afterioad. 


753 Role of Blood Viscosity in the Production of Innocent Ejection Murmurs 


HANI N. SABBAH, TENNYSON G. LEE and PAUL D. STEIN 


Studying the role of viscosity and the density of blood in producing innocent ejection murmurs, these investiga- - 


tors found that women with an innocent murmur had a significantly lower level of hematocrit and blood viscosity 
than subjects without a murmur. The increased turbulence caused by the decreased viscosity may cause inaudi- 
ble ejection murmurs to exceed the threshold of audibility. 


757 ~~ Platelet Function Studies in Coronary Artery Disease. V. Evidence for Enhanced Platelet 
Microthrombus Formation Activity in Acute Myocardial Infarction 





EXPERIMENTAL STUDIES 


PAULETTE MEHTA and JAWAHAR MEHTA 


Using the technique for measuring in vivo platelet aggregate formation activity, these investigators found that 
acute transmural myocardial infarction was associated with a significant increase in circulatory platelet micro- 
thrombi. By the 7th hospital day this level gradually declines to normal in patients with an uncomplicated course. 
A persistently high activity or a further increase in circulating platelet microthrombi suggests continued myocar- 
dial damage. Circulating platelet microthrombi were similar in acute and convalescent phases of patients with 
Chest pain but without myocardia! infarction and were comparable with values in healthy volunteers. These data 
suggest that increased circulatory platelet microthrombi be related to tissue necrosis associated with 
transmural myocardial infarction. 





761 A Biologic Model of Parasystole 


JOSE JALIFE and GORDON K. MOE 


Simulating the electrotonic interactions of a parasystolic pacemaker with ventricular responses to the normal 





pacemaker across an area of depressed excitablility in a model consisting of strands of canine Purkinje fibers = : 


mounted in a sucrose gap preparation, these investigators confirmed thé predictions of a previously described. 


mathematical model that these patterns depend on the magnitude of the electronic influence of the evoked re- - sue 


sponse on the ectopic pacemaker cycle length and on the ratio of the intrinsic frequencies. As in the mathemati- 
cal model, an “ectopic” pacemaker could be entrained within wide ranges both above and below its intrinsic fre- 
quency. A constant cycle length of a protected ectopic pacemaker, evident by interectopic intervals that are 
simple multiples of a common denominator, is not a requirement for the diagnosis of parasystole. The studies 
may help distinguish between reentry and parasystole in clinical arrhythmias. 


773 Mechanism of Reduction of Mitral Regurgitation With Vasodilator Therapy ` 


CHAIM YORAN, EDWARD L. YELLING, RONALD M. BECKER, SHLOMO GABBAY, 
mN FRATER and EDMUND H. SONNENBLICK i: 


^W 


«a 
These open chest dog studies, designed to define the basis of the beneficial hemodynamic effects of n itroprus- 


‚Side in experimentally produced acute mitral regurgitation, demonstrate that the regurgitant mitral orifice. is not 
' a fixed structure and that nitroprusside reduces regurgitation by decreasing the regurgitant orifice size as a rési 


Continued on page A19 ` 
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of reduction in ventricular volume ether than reduction of impedance to left ventricular ejection. During the infu- 
sion of nitroprusside there waé a decrease in the regurgitant volume (—26 percent), the regurgitant fraction of 
the total left ventricular stroke,volume (— 17 percent) and the calculated area of the mitral regurgitant orifice area 
(—18 percent). The administration of nitroprusside also reduced both peak systolic and left atrial pressures. 


METHODS 
- 
`- T78 Detection of Coronary Artery Disease With Rapid Serial Rescanning With Potassium-43 at Rest 


ANGEL K. MARKOV, ROBERT O. SMITH, PATRICK H. LEHAN, JAMES R. GALYEAN, Ill, 
GASTON RODRIGUEZ and HARPER K. HELLEMS 


This rapid serial rescanning technique with potassium-43 at rest detected coronary arterial lesions of 50 percent 
or greater, collateral circulation and, often, ventricular aneurysms as positive images. For 32 patients who un- 
derwent myocardial imaging at rest and after graded exercise testing, the images at rest correlated better with 
the angiographic data. For a clinical setting this rapid serial rescanning technique may prove more valuable than 
the present státic imaging techniques. In the majority of cases it will eliminate the need for post-exercise imag- 
ing and provide data for detecting an impaired regional myocardial metabolic state when the disease is inac- 
cessible to coronary angiography. 


787  Thallium-201 Myocardial Perfusion Scintigraphy: Results of Standard and Multi-Pinhole Tomographic 
Techniques 


ROBERT A. VOGEL, DENNIS L. KIRCH, MICHAEL T. LeFREE, JOSEPH O. RAINWATER, 
DOUGLAS P. JENSEN and PETER P. STEELE 


A new method of cardiac tomography using a seven pinhole collimator, a standard 37.5 cm diameter crystal 
Anger camera and a digital computer proved highly sensitive to and specific for the presence of coronary artery 
disease using stress thallium-201 imaging. The ability to obtain seven views within 10 minutes may add to the 
improved detection of coronary artery disease with this technique. Another advantage is that this technique can 
be rapidly performed with generally available nuclear medicine resources. 


794  Photokymography: A Noninvasive Method of Detecting ischemic Segmental Myocardial Wall Motion 
Abnormalities 


MAX PICHLER, GEORGE A. DIAMOND, MICHAEL HIRSCH, RAN VAS, DAN TZIVONI, H. J. C. SWAN 
and JAMES. S. FORRESTER 


As assessed in these studies of seven closed chest dogs undergoing acute balloon occlusion of the left circum- 
flex coronary artery, photokymography is a new, simple and sensitive noninvasive techinique for detecting acute 
ischemic segmental wall motion abnormalities. It provides a relatively low cost beat to beat recording that can 
be evaluated with several increments in stress and can be more accurately analyzed than is possible with use 
of visual inspection of the real time image alone, especially at higher heart rates. Despite a few drawbacks dis- 
cussed by the investigators, photokymography appears to be a promising method for the clinical evaluation of 
suspected ischemic heart disease in man. 


REPORTS ON THERAPY 
801 Prospective Randomized Trial of Glucose-Insulin-Potassium in Acute Myocardial Infarction 


WILLIAM J. ROGERS, PETER H. SEGALL, HUEY G. McDANIEL, JOHN A. MANTLE, 
RICHARD O. RUSSELL, Jr. and CHARLES E. RACKLEY 


Although the number of patients (50) in this ongoing randomized controlled clinical trial of the value of intrave- 
nous glucose-insulin-potassium infusion in the management of acute myocardial infarction is too small to permit 
definite conclusions, the data demonstrate that the infusion (1) does not adversely alter hemodynamics (2) reduc- 
es free fatty acids, (3) diminishes the frequency of ventricular arrhythmias and (4) has no demonstrable effect 
on infarct size as assessed with creatine kinase isoenzyme values. The hospital mortality rate was 15 percent 
(4 of 27) in the conventionally treated control group and 13 percent (3 of 23) in the group treated with glucose- 
insulin-potassium infusion. 
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810 Paradox of Improved Exercise but Not Resting Hemodynamics With Short-Term Prazosin in Chronic 
Heart Failure ° D 


z STANLEY A. RUBIN, KANU' CHATTERJEE, HARRIS J. GELBERG, THOMAS A. PORTS, 
BRUCE H. BRUNDAGE and WILLIAM W. PARMLEY 


Short-term, oral prazosin administered to 10 patients with severe chronic failure significantly increased cardiac 
output and stroke volume and decreased the arteriovenous oxygen difference and left ventricular filling pressure 
during exercise but not at rest. This drug affects hemodynamics during exercise when its pharmacologic activity 
as an alpha adrenergic blocking agent is most prominent. This study demonstrated that in patients with severe 
chronic failure the oral administration of prazosin improved left ventricular performance but did not improve the ' 
peripheral utilization of oxygen. Hemodynamic changes caused by prazosin during rest were inconsistent and 
did not predict changes during exercise. Prazosin may be a üseful vasodilator for treating some patients with 
chronic heart failure, especially those whose symptoms are most severe during exercise. 


PEDIATRIC CARDIOLOGY 


816 Single and Two Dimensional Echocardiographic Features of the Interatrial Septum in Normal Subjects 
and Patients With Atrial Septal Defect 


JAY N. SCHAPIRA, RANDOLPH P. MARTIN, ROBERT E. FOWLES and RICHARD L. POPP 


Simultaneous M mode and two dimensional echocardiograms in 10 normal subjects and in 9 patients with a se- 
cundum atrial septal defect indicate that such studies cannot reliably differentiate a secundum atrial septal de- 
fect from a normal septum and that the medial location of the interatrial septum should be appreciated so that 
it will not be confused with a left atrial mass. This study also demonstrates the benetit of combining two dimen- 
sional and. M mode echocardiography to improve identification of specific echoes recognized in M mode trac- 
ings. Physical limitations such as "echo dropout’ are common to both the M mode and two dimensional tech- 
niques. 





820 Right Atrial Ultrastructure in Congenital Heart Disease. lI. Atrial Septal Defect: Effects of Volume 
Overload 


JOHN J. FENOGLIO, Jr.. TUAN DUC PHAM, ALLAN HORDOF, RICHARD N. EDIE and ANDREW L. WIT 


This study on portions of operatively resected right atrium from 15 patients with atrial septal defect suggests that 
increased right atrial blood flow without increased right atrial mean pressure is not associated with structural 
changes of the right atrium. In 3 of the 15 patients with elevated right atrial mean pressure and increased right 
atrial blood flow the atrial myocardial cells were hypertrophied; two of these had evidence of local cell degener- 
ation. Right atrial dilation unlike left atrial dilation need not be associated with atrial arrhythmias. 


828 Role of the Renin-Angiotensin-Aldosterone System in Hypertensive Children With Coarctation of the 
Aorta 


BRUCE S. ALPERT, HUGH H. BAIN, J. WILLIAMSON BALFE, B. S. LANGFORD KIDD and 
PETER M. OLLEY 


Clinical studies in 20 hypertensive patients with coarctation of the aorta, 8 patients with essential hypertension 
and 13 control subjects show similar plasma renin activity values in all during normal and low sodium diets. After 
the administration of furosemide, plasma renin activity levels were significantly higher in the patients witho 
tation than in the other two groups. The renin and aldosterone responses and body fluid spaces in. 
with coarctation suggest that their hypertension resembles a one-kidney Goldblatt model. Althougt 
surgery remains the therapy of choice, the high recurrence rate of coarctation after surgery in infe 
childhood makes medical management desirable until the patient is old enough for operative re 
of the hypertension is necessary, a beta adrenergic blocking drug with or without a diuretic agent 
to decrease the cardiac index, block renin secretion and decrease extracell fluid and plasma volum 
Continued on page A23 l 
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REVIEWS 
835  Coarctation of the Aarta: Reviéw of 234 Patients and Clarification of Management Problems 


RICHARD R. LIBERTHSON, ‘D. GLENN PENNINGTON, MARSHALL L: JACOBS and 
WILLARD M. DAGGETT 


This review of the records and follow-up clinical course of 234 patients with coarctation of the aorta clarifies. still: 
unanswered questions pertinent to the management of such persons. The data in this study suggest that the opti- 
mal time for elective surgical correction of coarctation is between the ages of Tand 5 years. Preoperative con- 
gestive heart failure occurred in 67 percent of patients under age 1 year and over age 40 and in only 4 percent 
of those aged 1 to. 40 years. Bacterial endocarditis, cerebral vascular accident, myocardial infarction and aortic 
dissection were present in 2, 6, 3 and 2 percent of patients, respectively. Their incidence increased with advanc- 
ing age. Additional congenital heart lesions were present in 34 percent of the patients. Systemic hypertension 
was the most frequent acquired complication. Eighty percent of the 138 patients under the age of 19 years and 
84 percent of the 96 patients aged 19 years and older were hypertensive. 


841  Toxoplasmic Infection in Cardiac Disease 
DAVID LEAK and MOHAMMED MEGHJ! 


Although toxoplasmic myocarditis is considered a rare disease, it is a fairly common cause of heart disease in 
Hamilton, Ontario where it was the etiologic factor in 18 patients who presented with heart disease in less than 
2 years. Clinically these patients had cardiac arrhythmias, atypical chest pain, pericarditis and cardiac failure. 
Cats, uncooked meat and congenital infection were the main sources of this infection. Serial toxoplasmic anti- 
body tests indicated that the infection was chronic in all patients except one. Experimental, serologic and epide- 
miologic data suggest that local myocarditis occurs most frequently during the chronic phase of toxoplasmic in- 
fection. The diagnosis requires the exclusion of other specific forms of heart disease and the establishment of 
evidence of toxoplasmosis with serologic testing. Patients with this form of heart disease have a potentially poor 
and unpredictable prognosis with serious relapse after chemotherapy. 


DIAGNOSTIC SHELF 
850  Echocardiographic Manifestations of Persistence of the Right Sinus Venosus Valve 


JUAN BATTLE-DIAZ, PAUL STANLEY, CHRISTA KRATZ, JEAN-CLAUDE. FOURON, RONALD GUERIN and 
ANDRE DAVIGNON 


A newborn girl with persistence of the right sinus venosus valve showed all the clinical features of severe ob- 
struction of the outflow tract of the right ventricle. An echocardiogram suggesting a right atrial myxoma, an un- 
likely finding in a neonate, is an important diagnostic clue to this anomaly. This diagnosis should be made soon 
after birth because surgical correction of this serious anomaly may be possible. In this case the patient did.not 
survive operation. 


854  Echocardiographic Features of Supracristal Ventricular Septal Defect With Prolapsed Aortic Valve 
Leaflet 


KALIM U. AZIZ, ROGER B. COLE and MILTON H. PAUL 


The echocardiographic M mode features of a supracristal ventricular septal defect with prolapsed right coronary 
aortic leaflet, as found in four children aged 2 to 10 years, include (1) the position of the ventricular septal defect 
as a clear space between the interrupted septal echoes below the aortic root and (2) the prolapsed right coro- 
nary aortic leaflet as anomalous linear echoes in the right ventricular outflow tract. Sector scanning using the 
long axis view showed the supracristal ventricular septal defect as.a clear space between the top of the ventric- 
ular septum and the anterior segment of the aortic root in three of the four patients. The right coronary aortic 
leaflet was seen to prolapse into the right ventricular outflow tract through this defect and its motion could be 
clearly followed during systole and diastole. This lesion is important to diagnose early because its progressive 
nature causes increasingly severe aortic insufficiency, and patients with this defect have.a greater susceptibility 
to bacterial endocarditis than those with a simple ventricular septal defect. 


Continued on page A24 ` 
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..860 Propranolol in Human Plasma and Breast Milk ; 
RUM JOHN H. BAUER, BRIAN PAPE, JAMES ZAJICEK and TED GROSHONG 


* 


After the oral administration of a single 40 mg dose of propranolol and continuous 40 mg doses 4 times daily in 

a nursing mother, breast milk and plasma concentrations of propranolol peaked between 2 and 3 hours after 

dosing. Propranolol concentrations in breast milk were less than 40 and 64 percent. respectively, of peak plas- 

ma propranolol concentrations after single dose and continuous dose administration. The dosage ingested by 

this breast-feeding infant is approximately 1/100 of that used for therapeutic purposes. However, because he- 
-patic microsomal enzyme systems responsible for metabolism are immature in newborn infants, nursing infants 
-Should be closely evaluated for bradycardia or evidence of hypoglycemia. 
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1. Stress and The Major Cardiovascular Disorders 
ROBERT S. ELIOT, M.D. 
is, 1979 





160. pages. 18 illustratiz $14.95 
This isa timely and important book which offers new information on lifestyle and how it affects people. Dr. 
Eliot covers areas not often discussed in medical texts and presents an interdisciplinary approach which should 
be-useful to a variety of health professionals. The book provides information for the management of individuals 
with regard to intervention and rehabilitation as well as possible prevention. : 
Contents: Etiology: Risk Factors: Pathophysiologic Mechanisms: Diagnostic Tools: Behavioral Therapies; Phar 
macologie Therapy: Exercise; Family Life: Rehabilitation and Prevention. 


2. Clinical-Anatomical Correlates in Coronary Artery Disease 

ROBERT i. HAMBY, M.D. 
448 pages, 169 illustrations. 35 tables. 1979 $45.00 
The book is unique because it is a comprehensive review of correlating angiographic anatomy of the heart with 
the clinical spectrum in coronary artery disease. It furthermore presents the extensive experience of the author, 
as well as a review of the literature. It will help relate anatomy of the heart in coronary artery disease to the“ 
clinical spectrum that such disease presents to the practicing doctor. 
Contents: Historical Review of Coronary Artery Disease; Normal Angiographic Anatomy of the Heart: Cardiac 
Pathology in Coronary A therosclerosis; Natural History of Atherosclerotic Heart Disease; Clinical Profile af Pa- 
tients with Coronary. Atherosclerotic Heart Disease; Clinical Correlates of Ceronary Angiography: Clinical. 
Correlates of Left Ventricular Function in Coronary Atherosclerotic Heart Disease: Correlation of Coronary 
Arteriograpliy with Left Ventricular Function. 








3. Coronary Artery Disease: Recognition and Management 

CHARLES E. RACKLEY, M.D. 

RICHARD ©. RUSSELL, JR., M.D. 
448 pages, 18 tables. 176 illustrations, 1979 $33.00 
Contributors: E. E. Eddleman, Jr., Bolling J. Feild, Victor F. Froelicher, Nicholas T. Kouchoukos, Joseph R. 


Logic, Huey G. McDaniel, John A. Mantle, Bene Moraski, Albert Oberman, Joaquin Pombo, Charles E. 
Rackley, Robert A. Ratshin, William J. Reddy, William J. Rogers, Richard O. Russell, Jr., McKamy Smith 


Contents: Natural History of Coronary Artery Disease; Precordial Movements in Coronary Artery Disease; 

Echocardiography in Coronary Artery Disease: Radionuclide Studies in Coronary Artery Disease: Exercise 
Testing and Coronary Artery Disease; Unstable Angina Pectoris— Review and Present Management: Coronary 
Arteriography: Indications. Coutraindications and Attendant Risks; Cardiac Catheterization Evaluation of Left 
Ventricular Function in Stable Coronary Artery Disease: Calibration of Nontuo Techniques; Cardiac 

Catheterization Evaluation of Left Ventricular Function in Stable Coronary Artery Disease— Left Ventricular 
Biplane Angiograplry:; Clinical Responses to Short and Lang Acting Nitrates in Coronary Artery Disease: 

Myocardial Metabolisni in Coronary Artery Disease: Coronary Artery Bypass Grafting: Recognition of Acute 
Myocardial Infarction: Management of Acute Myocardial Infarction: Coronary Arteriography Within Two 
Months of Acute Myocardial Infarction. 



















4, Clinical Echocardiography 
JACOB I. HAFT, M.D. 
MICHAEL 5. HOROWITZ, M.D. . 
256 pages. 3 tables, 132 illustrations, 1978 $19.00 
“Des. Haft and Hore ee have written a concise and current. review of echocardiography which defines the 


methods, presents the data and its method of interpretation, and outlines the usefulness and limitations of the ine 
formation that is derived..." —froin the Foreword by Edmund H. Sounenblick, M.D. 
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'Electrocardiography 
in Clinical Practice 


By TE-CHUAN CHOU, M.D. 

Dr. Chou has written a valuable and unique 
monograph which examines both the useful- 
ness and limitations of the electrocardiogram 
in clinical practice. The focus is on practical 
aspects with detailed coverage of the reli- 
ability of electrocardiographic diagnostic cri- 
teria, together with clinical and anatomical 
correlation, and differential diagnosis of elec- 
trocardiographic findings. The book deals with 
clinical electrocardiographic correlations in 
every major field of medicine ranging from 
the common ones of ventricular hypertrophy, 
myocardial infarction, and T-wave abnormali- 
ües to the more uncommon ones of hypo- 
thermia, and changes with cerebrovascular 
accidents. The text is clear, inclusive and ex- 
tensively referenced. It is based on the author's 
25 years of experience in clinical.electro- 
cardiographic correlations with autopsy find- 
ings and correlations evaluated by clinical 
investigation. 


1979, about 576 pp., 442 illus., about $34.50 
ISBN : 0-8089-1138-4 


Cardiovascular 
Medicine 
Controversies 


Edited by CLIVE WOOD 

This monograph is the result of an interna- 
tional symposium held September 1977, in 
Cambridge, England. Coverage is given to: 
Animal Models of Hypertension; Role of the 
Nervous System in Hypertension; Is the Kid- 
ney Important in Hypertension?; Is There a 
Biochemical Basis for the Management of 
Myocardial Infarction?; Sudden Death— 
Thrombosis or Not?; The Monoclonal Hy- 
pothesis; and other vital topics. 

1978, about 100 pp., $10.25 ISBN: 0-8089-1134-1 


IV AILABLE FROM ACADEMIC PRESS, LONDON. 
EDITION FOR THE AMERICAS PUBLISHED BY 
GRUNE & STRATTON. 

Send payment with order and save postage and 
iandling charge. 

Prices are subject to change without notice. 


GRUNE & STRATTON 


1 Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE. NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NWI1 7DX 





BRIEF SUMMARY OF PRODUCT INFORMATION 
BALLOON WEDGE PRESSURE CATHETERS 


Indications: For sampling blood for oxygen levels and meas iring pressures 
in the right heart, including central venous right ventricular, pulmone 
artery. and pulmonary artery wedge pressure. Alsoinc ated in anatomical 
cardiac defect case mple blood and measure pressuresin any chambers 
that can be entered from the right heart. Warning: Pulmonary artery perfora 
tion, thromb s. segmental pulmonary infarction, transient obstruction of 
> pulmonary outflow b inflated balloon, balloon rupture without 

erious seque é >ntricular contractions, and knotting of the 
catheter have been repe omplications of thħe use of balloon catheters 
Balloon rupture with possible latex embolu a potential complication in 
the use of balloon catheters. Precaution: In pre re monitoring at bedside 
when catheter has been introduced in an antecubital ve n, patients arm 
should be immobilized to reduce t^e possibility of catheter advancement due 
to arm motion 


BERMAN ANGIOGRAPHIC CATHETER 

Indications: For use in right-heart catheterization for cardiac angiography, 
pulmonary angiography, and measurement of right-heart and pulmonary 
artery pressures. It cant i to inject radiopaque media and measure 
pressures in any chamber s that can be entered from the right 
heart. Warnings: Angiogram d be done with balloon inflated to mini- 
mize myocardial staining. When injecting radiopaque media. do not exceed 
stated maximum flow rate and pressure. Transient obstruction of the pul- 
monary outflow tract, balloon rupture without serious 2quelae, premature 
ventricular contractior and knotting of catheters are reported complications 
of the use of balloon cathete Balloon rupture with possible latex embolus 
is a potential complication in the use of balloon catheters. Precaution: Manip- 
ulate catheter carefully and gently to avoid kinking or knottin 


BIPOLAR TEMPORARY PACING W/STYLET AND BALLOON 
TEMPORARY PACING CATHETERS 
Indications: For temporary transvenous cardiac pacing when i npulse forma- 
tion or conduction is impaired Warnings: Myocardial perforation, fibrillation 
and arrhythmia, pulmonary embolism, thrombus formation, and infection are 
general complications of transvenous pacing. Balloon rupture with possible 
latex embolus, vessel perforation, aad intimal disruption are potential com- 
plications of use of balloon tempora-y pacing catheters. With the trans- 
brachial approach malpositioning and perforation occur more frequently 
due to arm movement. Pneumothorax, air embolism nd puncture of the 
subclavié artery have been reported withthe subclavian approach. Pre- 
cautions: Avoid kinking or bending catheter to prevent damage to internal 
wires or occlusion of inflation lumen (in balloon pacing catheter). Maintain 
insertion site with regular meticulous redressing performed with aseptic 
hnique. Remove stylet from Bipo ar Pacing Catheter after it is in position 
because leaving stylet in situ increases the potential for perforation 


FOR BALLOON CATHETER USE, IN GENERAL 

General Warnings: Carbon dioxide must be used to inflate balloon if there is 

a possibility that balloon rupture would result in air embolism in the left heart 

or systemic circulation. Do not inflate balloon beyond stated maximum 

inflation capacity. Exercise care when passing catheters in patients with lett 

bundle-branch block because right bundle-branch block induced t 

matic catheter pas je could result in complete heart block anc 

General Precaution alloon-inflation media. P. 

catheter with continuous zardiographic monitoring and fluorosc Opic guid 

ance, and confirm final tip position by X-ray. Deflate balloon prior to with- 

drawing catheter to avoid possible va v damage. 4 septic technique 

throughout procedure. All cathete e for single use only. Do not resterilize 
Federal law (U.S.A) restricts these devices to sale by or on the 


not use liquids é 





ysician. Contraindication: Not for use except as indicated 


better cardiac catheter, 
starts with a built-in fip. 


As you can see, the Extracorporeal 
tip is smooth, tapered, unruffled, 
suture free, no wider than the 
catheter itself. The benefits are 
built-in: 

e The introducer is the same size as 
the catheter.* Not larger. This 
means a smaller insertion hole 
and less likelihood of trauma and 
intimal damage. And it simplifies 
introducer selection. 

e Less blood is lost. Because the 
introducer is smaller and because 
the catheter fits it snugly the entire 
length of the catheter. 

e Our tapered tip has a larger 
lumen which reduces the likeli- 
hood of clotting and makes it 
easier to introduce drugs and 
dyes. 

* A smaller diameter catheter may 
be used, because a larger lumen 
also produces pressure measure- 


be matched only by a larger- 
diameter competitive catheter. 

* The tip is suture-free, eliminating 
clotting caused by the sutures’ 
irregular surface. 


Beyond the tip, a host 

of other benefits. 

e Inflation is more convenient 
because every Extracorporeal 
balloon catheter is packaged 
with an appropriately sized 
syringe. 

* Pure platinum electrodes for 
better electrical characteristics. 
Blood may alter the conductivity 
properties of stainless steel and 
cause inferior readings. That's 
why our balloon pacing catheters 
employ only inert platinum for 
electrodes. 

* High pressure tubing used in our 
Berman angiographic catheters 
permits higher pressures to be 


The Extracorporeal 
balloon deflated. 


Other manufacturer's built-on 
fip, balloon deflated. 


when drugs or dye must be injecteq 

e More sizes available. Especially in 
Berman angiographic and wedge 
pressure models. And we can 
supply custom catheters, too. 

e Even our package works hard 
for you. Each catheter comes in its 
own sterile peel-pack that stores 
easily and has a fold down tab 
for quick identification. 

e Our new brochure has all the 
facts. Just let us know where you 
are and we'll send you one. Coll 
your Extracorporeal representa- 
tive, or write or call us toll free: 
800-523-1740. 


*With one small exception — the Extracorporeal 4F 
size uses a 4-1/2 size introducer 


extracorporeal 


Extracorporeal Medical Specialties, Inc 


Royal & Ross Roads. King of Prussia. Pa 19465 USA 215-337-2400 
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Our long -term ECG ENS DUlissty believe that no other company — x 
reports are delivered "heter feng equipment reports, or both 


can deliver as accurate a long-term ECG (Holter) 


nationwide every day, report. Enough physicians have recognized this 


to make us -in six short years — the largest re- 


seven da Sa week, porting service in the country. We've done itwih 4 
advanced equipment, dedicated people, and i 
thousan S per month. propnetary techniques. 


Quality centrol starts with the crystal con- 
trolled timing track on our uniquely accurate FM 


And for a good reason. two-lead recorder. It ends with a review of every 
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report by a CCU-trained nurse. 

In between is our largest contribution to 
accuracy in long-term ECG reporting - the Stein/ 
Peterson!" examination of data in stationary 
display. Not a fleeting automated technique, but 
a sequence of fixed, two-minute ECG segments 
of the entire 24-hour recording, studied by trained 
` examiners. The pace is set by the examiner, not 
the computer. We believe people are better than 
computers at defining significant waveforms. 

' And we regularly examine our examiner's 
performance. We regularly examine our re- 
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Making a long-term commitment to long-term recording. 


corders performance. We regularly examine our 
whole operation, looking for ways to improve it, 
for which we havea full time staff of medically 
trained professionals, computer engineers and 
customer relations people .... over 110 at this time. 


So delivering to you an accurate long-term 
ECG report is the result of many people com- 
mited to quality. And we deliver coast to coast, 
to many cities within 24 hours. Call us toll free 
and get the rest of the story: 800-225-9180. Or 
write for complete information and a sample 
report: 1371 Beacon Street, Brookline, Mass. 02146 
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linical Data, Inc. 


onsider a sublingual nitroglycerin 
that remains active for 5years 


stat 


(nitroglycerin tablets,usp 


> " > À 
five-year expiration date 

G assures that the patient will receive fully potent 
nitroglycerin ready to work within minutes. 

o more stable under all conditions of temperature and 
humidity tested than conventional nitroglycerin tablets. 
o average assay still shows better than 100% of label 
claim 70 months after manufacture. 
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AVERAGE ASSAY 


MONTHS 
Nitrostat manufactured June, 1972 Final assay April, 1978 


Nitrostat is available in bottles of 100 and convenience packs of 4 x 25s. 


*Five-year expiration date, data on file, Parke-Davis 


PARKE-DAVIS 


Div f Warner-La art C 
PD-JA-2590-1-P (11-78) PARKE-DAVIS Morris Plains. NJ 07950 Pa" 
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Please see Brief Summary on last page 
Before prescribing Minipress, WARNINGS 
and DOSAGE AND ADMINISTRATION 


sections should be carefully reviewed. 





YEARS OF BLOOD PRESSURE 
CONTROL...WITHOUT COMPROMISE 
OF VITAL ORGANS 


* Capsules 1mg, 2 mg, 5 mg 


(D'aZOSIn HCI) 


TITRATION IS 

KEY TO TITRATE 
SUCCESSFUL 
ANTIHYPERTENSIVE 

THERAPY 


TITRATE 
TO. 
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USUAL MAXIMUM DAILY DOSAGE: 20 mg given in divided 
doses (D.i.d. or t.i. d.). A few patients may benefit from further 
increases up to a daily dose of 40 mg given in divided doses 


Initial therapy: Whether using Minipress in 
combination with other agents or alone, the start- 
ing dosage is 1 mg t.i.d. If response is not adequate 

“, by the next visit, the dosage should be increased 
to 2 mg t.i.d. 


Dosage titration: Thereafter, titrations of 
Minipress should be carried out according to 


patient response. Dosage may be slowly increased 
to a daily maximum of 20 mg given in divided 
doses. Although some patients may be controlled 
on 1 mg ż£./.d., generally 6 mg to 15 mg daily will 

be needed in the majority of responding patients 

in order to achieve optimal blood pressure control. 


Maintenance therapy: After initial titration, 
patients may be maintained on a b.i.d. or t.i.d 
dosage regimen 

If optimum control is not achieved in patients 
receiving Minipress and a diuretic, consider adding 
another Step 2 antihypertensive agent. 

If optimum control is not achieved with Minipress 
as the initial agent, consider adding a diuretic. 

When adding a diuretic or other antihyperten- 
sive agent, Minipress dosage should be reduced 
to 1mg or 2 mg t.i.d. and retitrated as needed. 

Available in 1-mg, 2-mg, and 5-mg capsules 
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BRIEF SUMMARY 

MINIPRESS® (prazosin hydrochloride) Capsules For Oral Use 
INDICATIONS. MINIPRESS (prazosin hydrochloride) is indicated in the 
treatment of hypertension. As an antihypertensive drug. it is mild to 





moderate in activity. |t can be used as the initial agent or it may be 
employed in a general treatment program in conjunction with a diuretic 
and/or other antihypertensive drugs as needed for proper patient 


response 
WARNINGS. MINIPRESS (prazosin hydrochloride) may cause syn- 
cope with sudden loss of consciousness. In most cases this is 
believed to be due to an excessive postura! hypotensive effect, 
although occasionally the syncopal episode has been preceded by 
a bout of severe tachycardia with heart rates of 120-160 beats per 
minute. Syncopal episodes have usually occurred within 30 to 90 
minutes of the initial dose of the drug;occasionally they have been” 
reported in association with rapid dosage increases or the in- 
troduction of another antihypertensive drug into the regimen of a 
patient taking high doses of MINIPRESS (prazosin hydrochloride). 
The incidence of syncopal episodes is approximately 1% in pa- 
tients given an initial dose of 2 mg or greater. Clinical trials con- 
ducted during the investigational phase of this drug suggest that 
Syncopal episodes can be minimized by limiting the initial dose of 
the drug to 1 mg, by subsequently increasing the dosage slowly, 
and by introducing any additional antihypertensive drugs into the 
patient's regimen with caution (see DOSAGE AND ADMINISTRA- 
TION). Hypotension may develop in patients given MINIPRESS who 
are also receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed in the recumbent posi- 
tion and treated supportively as necessary. This adverse effect is self- 
limiting and in most cases does not recur after the initial period of therapy 
or during subsequent dose titration 

Patients should always be started on the 1 mc capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for 
initial therapy 

More common than loss of consciousness are the symptoms often as- 
sociated with lowering of the blood pressure. namely, dizziness and 
lightheadedness. The patient should be cautioned about these possible 
adverse effects and advised what measures to teke should they develop 
The patient should also be cautioned to. avoid situations where injury 

ould result should syncope occur during the mitiation of MINIPRESS 
(prazosin hydrochloride) therapy, 

Usage in Pregnancy: Although no teratogenic effects were seen in 
animal testing, the safety of MINIPRESS (prazosir hydrochloride) in preg- 
nancy has not been established. MINIPRESS (prazosin hydrochloride) is 
not recommended in pregnant women unless the potential benefit out 
weighs potential risk to mother and fetus 

Usage in Children: No clinical experience is available with the use of 
MINIPRESS (prazosin hydrochloride) in children 
ADVERSE REACTIONS. The most common reactions associated with 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3%, 
headache 7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, 
palpitations 5.3%, and nausea 4.9%. In most instances side effects have 
disappeared with continued therapy or have been tolerated with no 
decrease in dose of drug 

The following reactions have been associated with MINIPRESS 
(prazosin hydrochloride), some of them rarely. (In some instances exact 
causal relationships have not been established 

Gastrointestinal: vomiting. diarrhea, constipation, abdominal discom- 
fort and/or pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia 

Central Nervous System: nervousness vertigo, depression, 
paresthesia 

Dermatologic: rash, pruritus 

Genitourinary: urinary frequency, impotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, 
nasal congestion 

Other: diaphoresis 

Single reports of pigmentary mottling and serous retinopathy, and a few 
reports of cataract development or disappearance have been reported. In 
these instances, the exact causal relationship has not been established 
because the baseline observations were frequently inadequate 

In more specific slit-lamp and funduscopic stucies, which included 
adequate baseline examinations, no drug-related abnormal 
2phthalmological findings have been reported 
DOSAGE AND ADMINISTRATION. The dose of MINIPRESS (prazosin 
hydrochloride) should be adjusted according to the patient's individual 
blood pressure response. The following is a guide to its administration 

Initial Dose: 1 mg three times a cay. (See Warnings) 

Maintenance Dose: Dosage may be slowly increasec to a total daily 
dose of 20 mg given in divided doses. Higher doses usually do not in 
crease efficacy, however a few patients may benefit from further in 

reases up to a daily dose of 40 mg given in divided doses. After initial 

itration some patients can be maintained adequately on a twice daily 
losage regimen 

Use With Other Drugs: When adding a diuretic or other anti- 
hypertensive agent, the dose of MINIPRESS (prazosin hydrochloride) 
should be reduced to 1 mg or 2 mg three times a day and retitration then 
carried out 
HOW SUPPLIED. MINIPRESS (prazosin hydrochloride) is available in 
1 mg (white *431), 2 mg (pink and white *437), and 5 mg (blue and 
white #438) capsules in bottles of 250, and unit-dose institutional 
packages of 100 (10 x 10's) 

More detailed information available on request. 
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“Advances in 
the management 


of Arrhythmias” 


Proceedings of the International Symposium on 
Clinical Electrophysiology — Sydney October 1977 — 
428 pages. Edited by D.T. Kelly. 


THE I.S.C.E. SECRETARIAT, 
P.O. BOX 1558 
NORTH SYDNEY, AUSTRALIA, 2060. 


Please send me copy/copies of 'ADVANCES IN THE 
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BRIEF SUMMARY 
KAON- 


: Fiption: Kaon-Ci Tabs is à sugar coated {not enteric-coated) tablet 
potassium chloride (equivalent to 6-7 mEq potassium chloride) in a wax 
tion is intended to provide a controlled release of potassium from the 
likelihood of producing high localized concentrations of: potassium with 
tract. E: 
indications: BECAUSE OF REPORTSOF INTESTINAL ANI 


BLEEDING WITH SLOW RELEASE POTASSIUM CHLORIDE PREPARATIONS, THESE 


- DRUGS SHOULD BE RESERVED FOR THOSE PATIENTS. WHO CANNOT TOLERATE OR 
SE TO TAKE LIQUIDS OH EFFERVESCENT POTASSIUM PREPARATIONS OR FOR 
TS: iN WHOM THERE ISA BLEM OF COMPLIANCE WITH THESE PREPARA- 


‘or therapeutic. use iri patients ith hypokalemia with or without metabolic alkalosis, in 
: Halls intoxication and in nts with hypokatemic familial periodic paralysis. 
2. For the prevention of ree depletion. when the dietary intake is inadequate in the 
= following conditions: | Patients receiving digitalis and diuretics for congestive heart failure, 
is i : es of aldosterone excess with normal renal function, 
|© potassium-lasing nephropathy, and with certain diarrheal states, ^ — 

3: The use of potassium salt tients receiving diuretics for uncomplicated essential 
hypertension is often unnecessary when such patients have a normal dietary pattern. 
Serum potassium should be checked periodically however, and if hypokalemia occurs, 
dietary supplementation with potassium-containing foods may be adequate to control 
mider eases, in more severe. Cases supplementation with potassium salts may be 
indicated. S 

: Contraindications: Potassium supplements are contraindicated in patients with hyper- 
kalemia since a further increase in: serum potassium concentration: in such patients can 
produce cardíac arrest Hyperkalemia may complicate any of the follawing conditions: Chronic 

“renal failure, systemic acidosis such as diabetic acidosis, acute dehydration. extensive! 
breakdown as in severe bums, adrenal insufficiency, or the administration 
“Spanng diuretic (e.g. spironolactone, triamterene). 

‘Wax-matrix potassium chloride preparations have produced esophageal ulceration: in cer. 
alain cardiac patients with esophage: mpression due to enlarged left atrium. Potassium 
funera ntaion, when indicated in such patients, should be with a liquid pr 

j hloride supplements are contraindicat 

ere is cause for arrest or delay in tablet passage through the gastroint 
hese instances. potassium supplementation should be with a liquid prepa 
Warnings: Hyperkalemia—in patients with impaired mechanisms for excretir 
administration of potassium salts can produce hyperkalemia and cardi 
móst commonly in patients given potassium by the:intravenous route but : 
patients given potassium. orally Potentially fatal hyperkalemia can develop 
asymptomatic. The use of potassium salts in patients with chronic renal di è 
condition which impairs potassium-excretion, requires particularly careful me 
serum potassium concentration and. appropriate dosage adjustment: — 

interaction with Potassium-Sparing Diuretics-—Hypokalemia should 
concomitant administration of potassium.salts and a potassium 
Spironolactone or triamterene) since the simultaneous administration 
produce severe hyperkalemia. 

Gastrointestinal Lesions~-Potassium chloride table sh e proi ed: 
tive lesions of the small bowel and deaths. Ti 
toncentration of potassium ion inthe region of 
bowel wall and thereby produces obs! 


rangé even in the presence of à reduced total [body potassium The treatment of potass 
depietion, particularly in the presence of cardiac disease, renal disease, or acidosis bg 


etectrocardiogram. and the clinical status of the patient: : 
Adverse Reactions: e most common adverse reactions to oral potassium saits are nau 
inal discomtort and diarrhea: These symptoms are due to irritation 
gastrointestinal tract and are best managed by diluting the preparation hater: taking ihe de 
meal: reducing the dose. : 
ere adverse effects are hyperkalemia (see Contraindi 
Overdosage’ nd gastrointestinal obstruction, bleeding or perforation 
Overdosage: The administration of orat potassium salts to il 


impaired or if potassium is administered too rapidly intravenous! 
{can résuit (see Contraindications and Warnings): itis impor 
emia is usually asymptomatic and may be manifested only by. 
concentration and characteristic electrocardiographie char 
wave, depression of ST segment, and prolongation oft 
include muscle-paralysis and cardiovascular colia 
asures tor hyperkalemia include the toilowi 
foods and medications containing pota: 


s àdminiiration of 300 te 500 mlhir of 10% dextrose so à 
'stallin& insulin per 1.000 mi. E 
of acidosis, if present, with intravenous sodium bica 
exch: ge resins, hemodialysis. or peritoneal diah : 
treating hyperkalemia, it should be recalled that in patients Y 
too rapid a towering of the serum potassium concental 


Federal law prohibits dispensing without prescripto: 
d: Bottles of 100, 250 and 1000. 


I-TEED LABORATORIES 
A LABORATORIES INC. 












E "TEXAS SLIM” 
- | byJamieson Film Company 






e FAST SPEED 
e LESS SPACE 
e HIGH QUALITY 








The "Texas Slim is a smaller version of the 
Jamieson Model 54 with the same reliability, 
simplicity of design, and high quality output. 
The "Texas Slim" is designed for the cath lab 
where space is a factor. This processor is only 
Sixteen inches wide and will take up only six 
square feet of floor space. “Texas Slim” can fit 
in a comer or up against a wall, within three 
inches. This unit operates in a fully lighted 
room. It has a fast five minute warm-up time 
and fully automatic temperature controls. 
Installation requires only connection of power, 


















[| het and cold water, drain and replenishment 
» [ lines. All plumbing and wiring are color 
"| coded. There are no hidden extras. One 
~ | added feature for the cost conscience 
(m hospital administrator is a very slim price. 

n" 







| All 
| JAMIESON FILM CO 


E i 6901 Forest Park Road e Dallas, Texas 75235 






f Call toll free in Texas 4 (800 492-4844 or 
4. 1 (800) 527-2298 in Continental USA outside Texas 
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FOR DEEP INTRAMUSCULAR INJECTION ONLY. 

Indications: In treatment of infections due to penicillin G-sensitive micro- 
organisms susceptible to the low and very prolonged serum levels common to 
this dosage form. Therapy should be guided by bacteriological studies 
(including sensitivity tests) and clinical response. 

The following infections usually respond to acequate dosage of IM peni- 
cillin G benzathine. 

Streptococcal infections (Group A— without bacteremia). Mild to 
moderate upper respiratory infections (e.g., pharyngitis). 
Venereal infections — Syphilis, yaws, bejel, and pinta. 

Medical conditions in which penicillin G benza:hine therapy is indicated 
as prophylaxis: 

Rheumatic fever and/or chorea — Prophylaxis with penicillin G benzathine 
has proven effective in preventing recurrence of these conditions. It has 
also been used as followup prophylactic therapy for rheumatic heart disease 
and acute glomerulonephritis. P 
Contraindications: Previous hypersensitivity reaction to any penicillin. 
Warnings: Serious and occasionally fatal hypersensitivity (anaphylactoid) 
reactions have been reported. Anaphylaxis is more frequent following 
parenteral therapy but has occurred with oral penicillins. These reactions 
are more apt to occur in individuals with history cf sensitivity to multiple 
allergens. Severe hypersensitivity reactions with cephalosporins have been 
well documented in patients with history of penicillin hypersensitivity. Before 
penicillin therapy, carefully inquire into previous hypersensitivity to penicillins, 
cephalosporins and other allergens. If allergic reaction occurs, discontinue 
drug and treat with usual agents, e.g., pressor amines, antihistamines and 
corticosteroids. 

Precautions: Use cautiously in individuals with histories of significant 
allergies and/or asthma. 

Carefully avoid intravenous or intraarterial use, or injection into or near 
major peripheral nerves or blood vessels, since such injection may produce 
neurovascular damage. 

In streptococcal infections, therapy must be sufficient to eliminate the 
organism, otherwise the sequelae of streptococcal disease may occur. Take 
Cultures following completion of treatment to determine whether streptococci 
have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of non-susceptible 
organisms including fungi. Take appropriate measures if superinfection occurs. 
Adverse Reactions: Hypersensitivity reactions reported are skin eruptions 
(maculopapular to exfoliative dermatitis), urticaria and other serum sickness- 
like reactions, laryngeal edema anc anaphylaxis. Fever and eosinophilia may 
frequently be only reaction observed. Hemolytic anemia, leucopenia, 
thrombocytopenia, neuropathy and nephropathy are infrequent and usually 
associated with high parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has been 
reported. 

ition: (units penicillin G benzathine as active ingredient in aqueous 
suspension): 300,000 units per mi — 10-ml multi-dose vial. Each ml also 
contains sodium citrate buffer, approximately 6 mg lecithin, 3 mg povidone, 
1 mg carboxymethylcellulose, 0.5 mg sorbitan monopalmitate, 0.5 mg 
polyoxyethylene sorbitan monopalmitate, 1.2 mg methylparaben and 
0.14 mg propylparaben. 

600,000 units in 1-ml TUBEX* (sterile cartridge-needle unit) Wyeth, 
packages of 10. 

900,000 units, 1.5-ml fill in 2-ml TUBEX, packages of 10. 

1,200,000 units in 2-ml TUBEX, packages of 10, and in 2-ml single-dose 
disposable syringe, packages of 10. 

2,400,000 units in 4-ml single-dose disposable syringe, packages of 10. 
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“In 12 patients with atitoventricular (A- V) nodal ieenirant tachycardia, 
the existence and utilization of retrograde ventriculoatrial bypass tracts 


alized Conducting System in 
Atrioventricular Nodal Reentr | 








t Tachycardia 





in the reentrant process were excluded, and the characteristics of the 


anterograde and retrograde limbs of the reentrant circuits were studi 


using His bundle electrograms, incremental atrial and ventricular pacing 
and atrial and ventricular extrastimulus techniques before and after the 
administration of 0.01 mg/kg of intravenous ouabain. Similar studies were 
also performed in five control patients without tachycardia. Paroxysma 
supraventricular. tachycardia could be induced in all 12 patients during 
atrial pacing-induced A-V nodal Wenckebach periods or premature atrial - 
stimulation, or both. On the basis of conduction time in the retrograde limb 
during tachycardia and during retrograde studies, two groups were 
identified. Group | (seven patients) had (1) short (39 + 10 msec) and. 
constant conduction time in the retrogarde limb measured from the an- 
terograde His bundle deflection to the retrograde atrial echo response 
(H-Ae interval), (2) no change in ventriculoatrial conduction time upto 
maximal ventricular pacing rates, (3) H2-A2 intervals during retrograd 
refractory period studies that were identical to the H-Ae intervals and tha 
did not increase with decreasing V,-V; intervals, and (4) increase 
conduction time of the anterograde limb (Ae-H intervals) after the ad- 
ministration of ouabain without any effect on retrograde limb conduction 
(H-Ae and H;-A; intervals) and refractoriness. Group Il (five patients) had 
(1) long and variable H-Ae intervals (60 to 180 msec), (2) a progressiv 
increase in ventriculoatrial intervals during incremental ventricular pacing, 
(3) an increase in H5-A; intervals in response to decreasing V4-Vz inter 
vals, and (4) increased anterograde ( Ae-H interval) and retrograde limb. 
(H-Ae and H;-À; intervals) conduction and refractoriness after the ad- - 
ministration of ouabain. Changes in the H5-À; interval corresponded to - 
the changes in four of the five control patients. These findings suggest that — 
(1) in group | the anterograde limb was the A-V node, whereas the ret 
rograde limb was an A-V nodal bypass tract or an insulated intranodal trac 
physiologically unlike the A-V node; and (2) in group Hf the A-V node 

















. comprised both the anterograde and retrograde limbs of the reentrant 


circuit. 
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AV 


Onset 
of H ofH 


End 





















1 280-310 330 30 15 30 15 250-280 265 

2 310-315 314 320-325 322 30 15 36 15 280-285 284 

3 275-300 288 340-350 345 50 35 50 35 230-250 238 

4 330-370 354 360-370 368 50 30 50 30 280-320 308 

5 430-450 440 445—460 450 50 30 50 30 365-405 395 

6 305 305 320 320 35 20 35 20 270 270 

7 340—400 363 ne iis 30 15 30 15 310-370 333 

Group li 

8 560-630 600 640-640 645 173 143 185 155 395-445 426 
c9 390-395 391 415-420 417 60 40 65 45 330-335 331 
40 285-300 293 335-350 342 80 80. 87 65 195-215 210 
11 575-625 600 680-685 683 125 105- (.386- 160 452-500 475 
12 430 430 430-465 440 71 50 96 75 360-365 361 




















Reentry within the atrioventricular (A-V) node is ac- 
_knowledged as a possible mechanism of paroxysmal 
supraventricular tachycardia.!-^ In A-V nodal reentry, 
t is postulated that the anterograde limb of the reen- 
rant circuit is characterized by slow conduction and a 
short refractory period, whereas the retrograde limb is 
„Characterized by fast conduction and a long refractory 
beriod.9-!! With few exceptions,!!-!5 recent studies?-10 
assessed conduction characteristics and refractoriness 
_of the reentrant limb during anterograde studies, which 
s appropriate for study of the anterograde limb; how- 
ver, it appears appropriate to study the properties of 
he retrograde limb during retrograde studies. 
|... The purpose of this paper is to describe two groups 
of patients with paroxysmal supraventricular tachy- 
cardia due to reentry involving the region of the A-V 
node who demonstrated different electrophysiologic 
characteristics of the retrograde limb during tachy- 
ardia and during retrograde studies. The results 
suggest that in some patients the retrograde limb of the 
reentrant pathway may be an A-V nodal bypass tract, 
whereas in others it may be the A-V node. In addition, 
the effects of digitalis (a drug well known to increase 
A-V nodal conduction time and refractoriness!4-! 
ithout appreciable effects on the His-Purkinje sys- 
tem}? on anterograde and retrograde conduction 
characteristics supported our findings. 


L 


Methods 


: Patients: Twelve patients with a history of palpitations and 
paroxysmal supraventricular tachycardia documented with 
electrocardiography and 5 control patients without tachy- 
cardia were studied. Their ages ranged from 30 to 76 years. 
_ -Two patients had atherosclerotic heart disease, one had hy- 

_ pertension and the remaining patients had no evidence of 
heart disease. No patient had acute myocardial infarction or 
«ischemia, electrolyte or metabolic abnormalities or the 

_ Wolff-Parkinson-White syndrome, and none received any 
cardioactive medication for at least 7 days before the study. 
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AV = average; Post-Ouabain = after the administration of ouabain; PSVT = paroxysmal supraventricular tachycardia. 


The experimental nature of the procedure was explained to 
all patients and signed consent was obtained. 

Procedures: Three quadripolar catheters were introduced 
percutaneously and fluoroscopically positioned in the high 
right atrium at the level of the tricuspid valve for recording 
His bundle activity’? and in the right ventricular apex. 
Whenever possible an additional quadripolar catheter was 
positioned in the mid region of the coronary sinus. The 
proximal poles.of the catheters were used for recording local 
electrical activity and the distal poles for stimulation. Two or 
more standard electrocardiographic leads, intracardiac elec- 
trograms (filtered at frequency settings cf 40 to 500 Hz) and 
time lines generated at 10, 100 and 1,000 msec were displayed 
on a multichannel oscilloscope and recorded on magnetic tape. 
These tapes were subsequently replayed and reproduced on 
photographic paper at a speed of 150 mm/sec. 

Atrial and ventricular pacing was performed up to the 
onset of anterograde and retrograde Wenckebach periods or 
up to heart rates of 160 to 200 beats/min. For anterograde and 
retrograde refractory peried studies, comparable atrial (A, -Ay) 
and ventricular (V,-V;) cycle lengths were scanned with ex- 
trastimuli (Ay or V5) after every eighth beat at progressively 
decreasing (by 10-msec) coupling intervals until atrial and 
ventricular muscle refractoriness. After the control studies 
were completed, ouabain. 0.01 mg/kg, was administered in- 
travenously to all patients, and studies were repeated 30 
minutes later. 


Definition of Terms 


The Ae-H interval was measured. from the onset of the 
atrial echo (on the His bundle electrogram) to the onset of the 
His bundle deflection during sustained paroxysmal supra- 
ventricular tachycardia or during two or more echoes, or both. 
The Ae-H interval was used as a measure of conduction in the 
anterograde limb of the reentry circuit. The H-Ae interval was 
measured from the onset and the end of the His bundle de- 
flection to the onset of the atrial echo (on the His bundle 
electrogram) during sustained supraventrieular tachycardia 
or during induced echoes, or both. This interval was used as - 
a measure of conduction in the retrograde limb of the reentry 
circuit. H-Ae:Ae-H was the ratio of these two intervals. Akhtar 
et al.'? recently reported that this ratio is useful in localizing 
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TABLE! 
continued 
Retrograde H.-A; Intervals (msec) 
Ae-H Intervals (msec) H-Ae:Ae-H Ratio Control ... Post-Ouabain 
: Gase Post-Quabain Control Post-Ouabain Onset End Onset End 
fo. Range Av Range Range of H of H of H of H 
Group ! 
x 1 300 300 1:8.33-9.33 1:10 30 15 30 15 
2 290-295 292 1:9.33-9.5 1:9.66-9.83 30 15 30 15 
3 295-300 297 1:4.6-5 1:5.9-6.0 50 35 50 35 
4 310-320 318 1:5.6-6.4 1:6.2-6.4 50. 30 50 30 
5 395-410 402 1:7.7-8.1 1:7.9-8.2 50 30 50 30.- 
6: 285 285 1:7.7 1:8-10 35 20 35 20- 
c re iau 1:10.3-12.3 " 30 15 30 15 E 
Group H í 
8 465-470 467 1:2.39-2.4 1:2.5-2.54 150-200 1380-180 185-215 165-195. 
9 350-360 356 1:5,4-5.58 1:5.38-6.0 60-70 45-55 65-70 55-58 
10 260-265 261 1:2.43-2.68 1:2.88-3.05 70 55-60 80--90 70-80 
11 480-510 495 1:3.6-4. 1:2:4-2.9 420-440 400-420 Block Block o = 
12 290-370 360 1:4.86-5.14 1:1.65—5.28 50-55 70-90 50-70: 





the site of reentry. Anterograde refractory periods were de- 
fined as described previously.!? 

Retrograde conduction intervals: The ventriculoatrial 
interval was measured from the stimulus artifact during in- 
cremental ventricular pacing to the onset of the retrograde low 
atrial electrogram. The H2-A2 interval was measured from 
the onset and the end of the His bundle deflection during 
premature ventricular stimulation to the onset of the retro- 
grade atrial electrogram on the His bundle tracing. 


the shortest A1-À» interval in response to any range of V-V 


70-80 












Retrograde refractory periods!91?: The functional n 
fractory period of the vetriculo-atrial conducting system is 





intervals. The functional refractory period of the A- V nodal _ 
region is the shortest A;-A» interval in response to two suc- __ 
cessive retrograde impulses both conducted from the His - 
bundle. The functional refractory period of the His-Purkinje 
system is the shortest. V;-Hsor H,-Hz interval in response to 








any range of V;-V» intervals. The effective refractory period. 





ACL for A-V Nodal WB 




















Sinus CL (msec) A-H (msec) H-V (msec) "(msec) Retrograde Conduction (msec) 
Case Post- Post- Post- Control Post- Post- 
no, Control Ouabain ^ Contro! Ouabain Control Ouabain — (msec) Ouabain Control Ouabain 
Group! 
1 740 850 60 65 35 35 300 310 4:1 VA up to 1:1 VA up to 
:2MCL.355 VCL 355 
2 580 660 100 105 50 50 300 300  t1VAÀ upto 1:1 VA up to 
f VCL 300 VCL 300 
3 655 840 75 75 35 35 360 370 WB at VOL 375 WB at VCL.375 
4 680 710 75 85 40 40 340 . 350 Et VA upto 1:1 VA up to 
VOL 30 VCL 370 
5 960 1,000 110 130 40 40 440 460 WB at VCL 460 WB at VOL 460 
6 830 960 ‘80 85 50 50 400 400 1:1 VA up to 4:1 VA up to 
VCL 380 VCL 380 
7 610 680 55 60 40 40 370 380 1:1 VA up to 1:1 VA up to 
VCL 300 VCL 300 
Group ll 
8 770 1,100 95 95 50 50 545 650 WB at VCL 500 WB at VOL 500 
g 735 630 95 110 55 55 400 450 t:1 VA up to 1:1 VA up to 
VCL 370 VCL 370 
10 990 1000 100 110 55 55 300 350 1:1 VA up to 1:1 VA up to 
; VEL 350 VCL 350 
11 600 610 100 125 50 50 400 430 WB at VCL 430 VA block. at 
VCL 500 
12 1,090 1,100 115 115 40 40 400 400 
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- FIGURE 1. Patient 1, representative of group |. From top to bottom in each panel, L4, Lz and V, = surface electrocardiographic leads |, Il and V4; HRA 
= high right atrial electrogram; HBE = His bundle electrogram; RV = right ventricular electrogram: TL = time lines generated at 10, 100 and 1,000 

0; msec. Panel A, control tracings demonstrating the initiation of paroxysmal supraventricular tachycardia during atrial pacing. During atrial pacing 
:: (St = atrial stimuli), there was a progressive increase in A-H intervals. Wher the pacing was interrupted, paroxysmal supraventricular tachycardia 

< ensued. The cycle length during tachycardia (Ae-Ae intervals) ranged from 280 to 310 msec. The Ae-H interval varied from: 250 to 280 msec, whereas 


«othe H-Ae interval, which was markedly short (30 msec), remained uncha 
"primarily related to variations in Ae-H intervals. Note that the atrial echo 


nged. The spontaneous variation iri cycle length of the tachycardia was 
beat (Ae) on the His bundle electrogram occurred before the ventricular 


i. electrogram so that the H-Ae interval (30 msec) was shorter than the H-V interval (50 msec). Panel B, tracings after the administration of ouabain 

“{POST-OU) demonstrating the initiation of paroxysmal supraventricular tachycardia during atrial pacing. After ouabain, the cycle length of the tachycardia 
increased (Ae-Ae = 330 msec), that is, the rate of tachycardia decreased. Note that the increase in cycle length was primarily related to an increase 
in Ae-H intervals (300 msec), whereas the H-Ae interval (30 msec) was similar to the control value (panel A). 


of the ventriculoatrial conducting system is the longest V;-Vs 
interval at which V. fails to evoke an A» response. The effec- 

tive refractory period of the A-V nodal region is the longest 
oN4-He or Hy-He interval at which Hə (retrograde His bundle 
depolarization) is not followed by an A». The effective re- 
fractory period of the His-Purkinje system is the longest. 
Vi-V2 interval that does not evoke an Ha response (block in 
-> both bundle branches). This interval can be assessed only if 
> Hy is identified before block. 

Discontinuous A-V nodal curves: The presence of dis- 
continuous A-V nodal curves during anterograde studies was 
demonstrated by plotting the A;-As and the corresponding 
-< H;-He responses as previously described.8° The presence of 
discontinuous curves during retrograde studies was demon- 
strated by plotting the V;-V» intervals and the corresponding 
retrograde A;-A» and H»-As intervals. 

Statistical analysis was performed using Student's t test 
for paired and unpaired data. Al! values are expressed as mean 
values + standard deviations. 


Results 


Paroxysmal supraventricular tachycardia could be 
induced in all 12 patients during atrial pacing-induced 
A-V nodal Wenckebach periods or during premature 


. 690. 


atrial stimulation, or both. The reentrant nature of 
these arrhythmias was suggested by (1) the initiation 
and termination of tachycardia by a single or two con- 
secutive atrial stimuli; (2) the initiation of tachycardia 
er atrial echoes, or both, at critical A-H delays; and (3) 
a retrograde or reversed atrial activation sequence 
during tachycardia or during induced echoes, or both. 
The patients were classified into two groups on the basis 
of the H-Ae intervals and the ventriculoatrial conduc- 
tion patterns during control studies. 

Group I patients (Cases 1 to 7, Tables I and II) 
demonstrated (1) short H-Ae intervals that averaged 
39 + 10 msee (range 30 to 50 msec) when measured from 
the onset of the His bundle deflection and 23 + 9 msec 
(range 15 to 30 msec) when measured from the end of 
the His bundle deflection, (2)-H-Ae intervals that re- 
mained constant despite changes in the rate of tachy- 
cardia and changes in the Ae-H intervals, (3) no change 
in ventriculoatrial conduction time during maximal 
paced ventricular rates with 1:1 intact ventriculoatrial 
conduction or up to the onset of retrograde ventriculo- 
atrial block, and (4) Hə-Ax intervals during retrograde 
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` “FIGURE 2. Patient 8, representative of group Il. Panel A, contro! tracings demonstrating the initiation of paroxysmal supraventricular tachycardia = * 






during the interruption of ventricular pacing. During ventricular pacing at a cycle length of 430 msec, 1:1 V-A response occurred. The stimulus-A 
(S-A) interval was 250 msec and the H-A interval 210 msec. When the stimulus was omitted after the second paced beat, paroxysmal supraventricular ^. 
tachycardia was initiated without prior prolongation of the H-A interval. The cycle length of the tachycardia ranged from 560 to 625 msec. The Ae-H 
interval (395 to 445 msec) and also the H-Ae interval (165 to 180 msec) demonstrated spontaneous variations. Note that the atrial echo iAe)resporise 
on the His bundle electrogram occurred after the local ventricular electrogram in the S-T segment. Panel B, during ventricular pacing at a cycle ^ 


length of 540 msec, 1:1 ventriculoatrial response occurred. Note, however, that the H-A interval was 210 msec at a ventricular pacing cycle length E D 


of 540 msec, Paroxysmal supraventricular tachycardia was initiated when the stimulus was omitted, with the cycle length of tachycardia 640 to. 
650 msec. Note that both the Ae-H interval (445 to 460 msec) and the H-Ae interval (185 msec) increased after the administration of oubain (POST: 


QU). Also, paroxysmal supraventricular tachycardia could no longer be sustained and terminated in the anterograde limb of the reentrant circuit. = 


Abbreviations as in Figure 1. 


refractory period studies that were identical to the H-Ae 
intervals and that did not increase with decreasing 
V,-Vs intervals. 

Group II patients (Cases 8 to 12, Tables I and II) 
demonstrated: (1) H-Ae intervals of 60 to 180 msec 
when measured from the onset of the His bundle de- 
flection, much longer than those in group I patients; (2) 
variations in H-Ae intervals during tachycardia; (3) a 
progressive increase in ventriculoatrial intervals during 
incremental ventricular pacing; and (4) increases in the 
H-A interval in response to decreasing V;-V» intervals 
during retrograde refractory period studies. 


Conduction Patterns 


Conduction in the anterograde and retrograde 
limbs of the reentry circuit (Table D): Group I: 
During control studies, the Ae-H intervals ranged from 
265 to 395 msec and increased in duration (293 + 54 to 
315 + 44 msec, P «0.05) after the administration of 
ouabain in all patients in whom these intervals could be 
compared with control values. In contrast, the H-Ae 
intervals, which were significantly (P «0.001) and 
markedly shorter than the corresponding Ae-H inter- 
vals (H-Ae:Ae-H = 1:4.1 to 1:12.3), did not change after 
the administration of ouabain (Fig. 1). The H-Ae:Ae-H 
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ratios (1:7.23 + 1.69 to 1:7.94 + 1.69, P <0.05) and cycle 
length (Ae-Ae intervals) of tachycardia (337 + 57 to 356 
+ 52 msec, P <0.05) also increased significantly after 
the administration of ouabain. 

Group II: The Ae-H interval during control studies 
ranged from 210 to 475 msec and, as in group I, in- 
creased significantly after the administration of ouabain 
(361 + 101 to 388 + 94 msec, P «0.05). In contrast to the 
findings in group I patients, the range of H-Ae intervals = 
also increased (average increase +22 msec) after the — 
administration of ouabain (Fig. 2). The H-Ae:Ae-H 
ratios, which were smaller than those in group I (1:3.7 
+ L3 versus 1:7.67 + 2.01, P <0.005) did not change 
significantly after the administration of ouabain from - 
1:3.96 + 1.42 to 1:3.95 + 1.57, P not significant; upper 
limits of H-Ae:Ae-H ratios). Increases in the cycle length 
of tachycardia after the administration of ouabain (463 
+ 136 to 506 + 151 msec, P <0.025) were related toin- = 
creases in both the Ae-H and H-Ae intervals. The longer 
Ae-H and H-Ae intervals in the group H patients con- 
tributed to the significantly longer cycle length of. 
tachycardia than in the group I patients (463 + 136 
versus 337 + 54 msec, P «0.05). : 

Echo zones and the ability to sustain tachycardia: | 
An echo zone was defined only when atrial echoes could 
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FIGURE 3. Patient 1 (group 1. Retrograde conduction pattern in control tracings (A and B) and after the administration of 
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ouabain (C and D), Panel 


_ A, the right ventricle (VE) was paced at a cycle length of 670 msec. The S-A interval was 120 msec, whereas the H-A (high) interval was 55 msec 
and the H-A (low) interval 30 msec. Panel B, there was a 1:1 V-A response during ventricular pacing at a cycle length of 255 msec (175 beats/min). 


x ... Also, note that the S-A interval did not change at the maximal pacing rate. Panels C and D, after the administration of ouabain, the ventriculoatrial 


"response during ventricular pacing at comparable cycle lengths was similar to the control findings. Abbreviations as in Figure 1. 


be induced over two or more coupling intervals (A;-A;). 
Although atrial echoes could be induced in all 12 pa- 
tients during anterograde refractory period studies, echo 
zones could be delineated in 4 of 7 patients in group I 
and in 3 of 5 patients in group II. In the remaining pa- 
. tients, the attainment of the effective refractory period 
of the A-V node limited the delineation of an echo 


zone. 


Group I: Echo zones ranged from 10 to 220 msec. 
_ After the administration of ouabain, the echo zone was 
abolished in one patient (Case 6) and decreased 20 to 
60 msec in the remaining three patients (Cases 3, 5, and 
= 7). The ability to sustain tachycardia was lost in two of 
<- five patients due to block in the anterograde limb of the 
reentrant circuit (that is; Ae-H block). 

Group IH: Echo zones ranged from 35 to 60 msec in 
duration. After the administration of ouabain, the du- 
. ration of the echo zones decreased in two patients (Cases 

9 and 10; range —15 to —20 msec) and increased in two 
patients (Cases 11 and 12; range +10 to +40 msec). In 
three patients (Cases 9, 10 and 11) the echo zones 
shifted to the right. The ability to sustain tachycardia 
was lost in two of four patients (Fig. 2) due to block in 
the anterograde limb of the reentrant circuit. 
Anterograde and retrograde conduction patterns 
(Table II): Group I: During incremental atrial pacing, 
-A-V nodal conduction time (A-H intervals) increased 
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progressively in all patients, with A-V nodal Wencke- 
bach periods occurring at atrial cycle lengths of 360 + 
51 msec (range 300 to 440 msec). After the administra- 
tion of ouabain, the A-H intervals during sinus rhythm 
and during atrial pacing were longer than the control 
values. 

During incremental ventricular pacing the shortest 
ventriculoatrial intervals were 111 + 13 msec (range 90 
to 130 msec). After the administration of ouabain, the 
ventriculoatrial conduction patterns did not change 
(Fig. 3, Table ID. Paroxysmal supraventricular tachy- 
cardia could not be induced in any of these patients 
during ventricular pacing and interruption of pacing. 

Group H: A-V nodal Wenckebach periods occurred 
at an average atrial cycle length of 409 + 87 msec (range 
300 to 545 msec) and increased significantly (P «0.05) 
after the administration of ouabain in four of five pa- 
tients (456 + 115 msec, range 350 to 650 msec). 

During ventricular pacing, the shortest ventriculo- 
atrial intervals ranged from 120 to 180 msec and were 
significantly longer than in group I (161 + 39 versus 111 
+ 13 msec, P «0.01). Moreover, ventriculoatrial inter- 
vals (average +35 msec) increased progressively in all 
patients. In contrast to the results in group I, paroxys- 
mal supraventricular tachycardia could be induced 
during interruption of ventricular pacing in three of five 
patients (Cases 8, 11 and 12) (Fig. 2). After the admin- 








FIGURE 4. Patient 2 (group 1). Retrograde H2-A> interval. Upper panels A and B represent control tracings. The basic ventricular cycle length (4-54) 





ATRIOVENTRICULAR NODAL REENTRANT TACHYCARDIA—GOMES ET.AL. as 








CONTROL A B 
it 
" aan A 
i ^ - A A 
Mr Mme 
2m : : "i H2-A2:30 nH 4 
y y i ya Hoéend)-A2.20 ' , à E : : io 
Bits 540 ^ 230! , ^ essentia 
n fx POST-OU A 
vi 
: At : re A2 
: bue ; A p i Al : AM Menon ü 
; -A2:30 
BE Med HA Ij 
M v ver €. Hofend- A2-20 5 3 
RVE m : 540 B ! Nee 
7. pet e ^ Dem" 








was 540 msec in all panels. The retrograde His bundle deflection during the basic drive was obscured by the local ventricular electrogram. At án 
S 4-85 interval of 230 msec (panel A), S; was conducted to the atria with a V5-H; interval of 160 msec and an H;-A; interval of 30 msec when measured 








from the onset of the His bundle deflection and 20 msec when measured from the end of the deflection. Note that A» followed Ho, and V; was followed- : 


by a reentrant ventricular beat (V5) from reentry within the His-Purkinje system. V; failed to retrogradely depolarize the atria due to block below - 


the bundle of His. At an S,-S5 interval of 220 msec (panel B), the ventricular muscle was refractory. Bottom panels A and B represent tracings — 
after the administration of ouabain (POST-OU). The ventricle was paced at a similar cycle length of 540 msec. At an S-S; interval of 210 msec. 


(panel A), S; was conducted to the atria with a V5-H» of 155 msec and an H-A» of 30 msec. Note that the H.-A, interval when measured from either — 
the onset or the end of the His bundle was similar to the control value (upper panel A) and did not increase after the administration of ouabain. At 


an 84-8, interval of 200 msec (panel B), the ventricular muscle was refractory. Note that despite a decrease in ventricular muscle refractoriness =o 


(after ouabain) and the attainment of a shorter V;-H» interval (155 msec) compared with the control value, the H-A; interval did not increase after 





ouabain. RVE = right ventricular electrogram; other abbreviations as in Figure 1. 


istration of ouabain, ventriculoatrial block developed 
in only one patient (Case 11) at a ventricular cycle 
length of 500 msec; in the remaining four patients either 
block developed or 1:1 conduction was maintained at 
similar ventricular cycle lengths as during control and 
the ventriculoatrial intervals were longer than during 
control studies (Fig. 2). 

Hs-A» intervals: During retrograde refractory period 
studies, the retrograde His bundle deflection for the 
basic drive beats (Hi) was usually obscured by the 
ventricular electrogram. However, at closer V,-V» in- 
tervals, the retrograde His bundle deflection emerged 
from the V2 electrogram in all patients and was followed 
by an A». For the entire series of patients (except Pa- 
tient 11, see later) the retrograde Hs-A; intervals 
showed an excellent correlation with the H-Ae interval 
{r = 0.997, P <0.001). 

- In group I, the retrograde H-A» intervals were 
identical to the H-Ae intervals and remained constant 
at decreasing V;-V» intervals. Retrograde H»-A» inter- 
vals were not affected by ouabain in this group of pa- 
tents (Fig. 4, Table I). In Patient 11 of group II, the 
Hs-Às interval corresponded to the Ae-H interval 
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(Hs-A» = 420 to 440 msec; Ae-H = 450 to 500 msec), 
suggesting that the slow pathway was utilized for ret- 
rograde conduction. 

In four of five patients (group I1), the H2-Az intervals 
increased in duration by 5 to 20 msec after the admin- 
istration of ouabain. In Patient 11, He blocked in the 
A-V node at all Vi-V» and V;-He intervals. 

Control patients: To further exclude any differential - 
effects of ouabain on retrograde A-V nodal conduction, 
five patients without paroxysmal supraventricular 
tachycardia were similarly studied before and after the 
administration of ouabain. In three of four patients the 
Hs-As intervals increased 5 to 30 msec, and in the fourth 
patient H-A» block developed at all V;-H; and V;-V2 
intervals after the administration of ouabain. 


Anterograde and Retrograde Refractory Periods 
Group 1 


Anterograde refractory periods: During control. 


studies, the functional refractory period of the A-V 


node exceeded the functional, relative and effective — 


refractory periods of the His-Purkinje system. The ef- 
fective refractory period of the A-V node was attained 
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. im three of seven patients; in the remaining patients the 
.. effective refractory period of the atrium exceeded that 
-of the A-V node. Discontinuous A-V nodal curves were 
> not observed in any of these patients at one or more 
‘-evele lengths (A1-A5). 
<- After the administration of ouabain, the duration of 
the functional refractory period of the A-V node in- 
. creased in three patients. The duration of the effective 
<- refractory period of the A-V node increased in the three 
.. patients who attained this period during control stud- 
des. 
Retrograde refractory periods: During control 


studies, the retrograde functional refractory period of 
... the ventriculoatrial conducting system was determined 


< by the His-Purkinje system because conduction delay 
.. occurred only below the His bundle (that is, Vo-H. de- 
. lays). Furthermore the retrograde functional refractory 
. period of the ventriculoatrial conducting system was 
< shorter than that of the A-V conducting system (373 + 
24 versus 408 + 51 msec}. The retrograde effective re- 
__fractory period of the A-V nodal region was not attained 
. inany of these patients, whereas the retrograde effective 
.. refractory period of the His-Purkinje system could be 
- determined in four of seven patients. Thus, the retro- 
. grade effective refractory period of the ventriculoatrial 
conducting system was determined by the His-Purkinje 
system. Paroxysmal supraventricular tachycardia could 
not be initiated in any of these patients during retro- 
grade refractory period studies, and no retrograde dis- 
continuous A-V nodal responses were observed. 

After the administration of ouabain, there was no 
significant change in the retrograde functional refrac- 
tory period of the A-V nodal region (386 + 32 to 387 + 

_ 33 msec, P not significant) or that of the ventriculo- 
atrial conducting system (374 + 24 to 371 + 26 msec, P 
.. not significant) (Fig. 5). Also, as during control studies, 
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FIGURE 5. Group |. Retrograde functional refractory 
period pattern of the ventriculoatrial conducting system. 
The V ,-V; intervals (abscissca) are plotted against the 
AA» and V-H intervals (ordinate! during control (C) and 
after the administration of ouabain (OU). Note that initially 
. Witha progressive decrease in the V ,- V» interval, in the 
— A«A; intervals decreased progressively. At about the 
time when H emerged from the V. electrogram, the 
A Ao interval shifted upward. Note that the A ,-A» curve 
parallels the V ,-H5 curve because delay occurred only 
within the His-Purkinje system (V2-H2). Thus, the-func- 
tional refractory period of the ventriculoatrial conducting 
system. was determined primarily by the His-Purkinje 
400 system. After the administration of ouabain (solid circles), 
note that the A;-A2 curves followed the control pattern 

(open circles). 


no patient attained the effective refractory period of the 
A-V node. 


Group il 


Anterograde refractory periods: During control 
studies, as in group I, the functional refractory period 
of the A-V node was longer than the functional, relative 
and effective refractory periods of the His-Purkinje 
system in all five patients. The effective refractory pe- 
riod of the A-V node was attained in two patients (Cases 
8 and 11); in the other three patients, the effective re- 
fractory period of the atrium exceeced that of the A-V 
node. Discontinuous A-V nodal response curves were 
observed in three of five patients (Cases 8, 9 and 11). 

After the administration of ouabain, the functional 
refractory period of the A-V node (438 + 66 to 480 + 52 
msec, P «0.005) and that of the A-V conducting system 
increased significantly. The effective refractory period 
of the A-V node increased 70 to 120 msec in the two 
patients (Cases 8-and 11) in whom it could be deter- 
mined during control studies and was attained in two 
other patients (Cases 9 and 11). 

Retrograde refractory periods: In contrast to the 
findings in group I patients, the functional refractory 
period of the ventriculoatrial conducting system was 
determined by both the His-Purkinje system and the 
A-V node because conduction delay occurred both 
within the His-Purkinie system and the A-V node 
(Vs-Hs and Hs-A; delays). Furthermore, the functional 
refractory period of the ventriculoatrial conducting 
system was similar to that of the A-V conducting system 
(434 + 64 versus 428 + 66 msec). As in group I patients, 
the effective refractory period of the A- V node was not 
attained in any patient. Retrograde discontinuous A-V 
nodal curves were observed in Patient II (Fig. 6). During 
retrograde studies in this patient, a reverse form of 
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FIGURE 6. Patient 11 (group Ii). Retrograde dis- 
continuous A-V nodal response curves. The V -V» 
intervals (abscissa) are plotted against the A,-A» 
and H.-A intervals (ordinate). At a V ,- V; interval 
of 490 to 470 msec, the A,-A» intervals (open 
circles) decreased progressively. At a V4-V2 in- 
terval-of 460 msec, the AAs interval jumped 
suddenly to 750 msec, suggesting failure in con- 
duction in the retrograde fast pathway. Paroxysmal 
supraventricular tachycardia or atrial echo beats, 
or both, occurred on the retrograde slow pathway 
curve, suggesting that the slow pathway was uti- 
lized: for retrograde conduction and the fast 
pathway for anterograde conduction. The H;-A; 
intervals during retrograde (Re) slow pathway 
conduction ranged from 420 to 440 msec. CL — 
cycle length; ERP = effective refractory period. 





tachycardia could be initiated with the slow conducting 
pathway being utilized for retrograde and the fast 
conducting pathway for anterograde conduction (Fig. 
1). 

After the administration of ouabain, the duration of 
the retrograde functional refractory period of the A-V 
node increased in two patients (Cases 9 and 12), did not 
change in one patient (Case 10) and decreased 10 msec 
in one patient (Case 8). In the latter patient, the de- 
crease in the retrograde functional refractory period of 
the A-V node was related to a decrease in the retrograde 
functional refractory period of the His-Purkinje system, 
thus allowing the measurement of A,-Ag intervals at 
shorter V,-H» intervals. The retrograde refractory pe- 
riod of the A-V node could not be assessed in Patient 11 
due to retrograde A-V nodal block that also obviated the 
initiation of tachycardia utilizing the slow pathway for 
retrograde conduction. 


Discussion 


The electrophysiologic findings in the 12 patients in 
this study indicate that the site of reentry during par- 
oxysmal supraventricular tachyeardia was the region 
of the atrioventricular (A-V) node. The existence and 
utilization of ventriculoatrial bypass tracts in the 
reentrant process were excluded because (1) during 
retrograde refractory period studies, As always followed 
He by a constant or increasing H;-A» interval (for any 
Vi-Vs interval) and never preceded Ho; (2) conduction 
in the retrograde limb (H-Ae intervals) was independent 
of intraventricular conduction patterns?*; (3) the H-Ae 
intervals were markedly and significantly shorter than 
the corresponding Ae-H intervals (H-Ae:Ae-H ratios 
1:2.39 to 1:12.3)!; and (4) ventricular stimulation during 
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sustained supraventricular tachycardia did not result: 
in atrial preexcitation.?^-?? UEM 
Of interest were the observations on the H-Ae inter--. 
vals and retrograde A-V nodal conduction patterns that 
permitted the classification of these patients into two 
groups. The effects of digitalis (a drug known to increase. 
A-V nodal conduction and refractoriness)! 9121415 op 
Ae-H and H-Ae intervals and on anterograde and ret- 
rograde A-V nodal conduction and refractoriness pro-. 
vided much useful information on the mechanism of = 
paroxysmal supraventricular tachycardia in these pa- | 
tients. 
Electrophysiologic. characteristics of the an- 
terograde and retrograde limbs of the reentry 
circuit: Control studies and those after the adminis- 
tration of ouabain in group I suggest that the antero« 
grade limb of the reentry circuit was the A-V node but 
that the retrograde limb comprised a pathway with: 
electrophysiologic characteristics unlike that of the A-V 
node. This hypothesis is supported by the observation |. 
that conduction time in the anterograde limb (Ae-H | 
intervals) increased after the administration of ouabain. 
The increase in the cycle length of tachycardia and the. 
H-Ae:Ae-H ratios after ouabain was solely related to the... 
observed increase in anterograde conduction. Also, the. 
response in A-V conduction (increase in A-H intervals 
with A-V nodal Wenckebach periods) to atrial pacing 
suggests that the A-V node was preferentially utilized 
for anterograde conduction. 
Selective utilization of a pathway with electro- 
physiologie properties unlike that of the A-V node for 
retrograde conduction is suggested by the following: (1) 
The retrograde limb of the reentry circuit demonstrated 
short and constant conduction times (H-Ae intervals) 
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^ that were unaffected by changes in the rate of tachy- 
X cardia, conduction in the anterograde limb and ad- 
 ministration of ouabain. The effect of ouabain on the 
x: H-Ae intervals in group II and the retrograde H»-A» 
_ intervals in control patients rules out the possibility of 

differential digitalis effects on anterograde versus ret- 
- vograde A-V nodal conduction. (2) There was no change 
dm ventriculoatrial conduction time during control 
*. studies or after the administration of ouabain, in con- 
c trast to the well known relation between decreases in 
< éyele length and increases in refractoriness and con- 
-duction within the A-V node,?>24 whereby in most pa- 

tients the A-V node is the site of delay during incre- 
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mental ventricular pacing.!? This behavior of ventri- 
culoatrial conduction is qualitatively similar to that 
described in patients with the Wolff-Parkinson-White 
syndrome and ventriculoatrial accessory pathways with 
utilization of the bypass tract for retrograde propaga- 
tion.?»?$ Importantly, the retrograde Hs-A»s intervals 
were constant and identical to the H-Ae intervals and 
similarly unaffected by ouabain. These findings indicate 
that the fast conducting pathway was selectively and 
solely utilized for retrograde conduction and the distal 
limb of this pathway was connected to the His bundle. 
(3) The functional and effective refractory periods of 
the ventriculoatrial conducting system were primarily 
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FIGURE 7. Patient 11 (group II). Initiation of a reversed form of paroxysmal supraventricular tachycardia utilizing the slow pathway for retrograde 
conduction and the fast pathway for anterograde conduction. Panel A. The ventricle was paced at a basic cycle length of 506 msec. The S,-A, 
interval for the basic drive beat was 185 msec. At an S,-S5 interval of 470 msec, S» was conducted retrogradely to the atrium with an S;-A; interval 
of 190-msec that resulted in an A ,-A; interval of 475 msec. A junctional escape beat followed. Panel B. At an S,-S; interval of 460 msec, the S;-A; 
interval (480 msec) was suddenly and markedly prolonged, resulting in an A,-A; interval of 760 msec and suggesting failure in retrograde A-V nodal 
conduction through the fast pathway. Because at that time conduction occurred retrogradely through the slow pathway, the fast pathway was available 
for anterograde conduction, resulting in an unusual reversed form of reentrant tachycardia wherein the fast pathway was used for anterograde 
conduction (Ae-H intervals 135 to 145 msec) and the slow pathway for retrograde conduction (H-Ae intervals 340 to 350 msec}. Panel C. At an 
S-92 interval of 260 msec, the retrograde His bundle deflection (H;) emerged from the ventricular electrogram. Note that the H-A» interval was 
markedly prolonged (430 msec) and resulted in A-V nodal reentry in the form of ventricular echo. Note that tachvcardia was not sustained due to 
block in the retrograde slow pathway. Abbreviations as in Figure 1. A* — dissociated atrial electrogram. 
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determined by the His-Purkinje system, and in the 
majority of patients the functional refractory period of 
the ventriculoatrial conducting system was shorter than 
that of the A-V conducting system, suggesting that the 
retrograde pathway had shorter refractoriness than the 
anterograde pathway (that is, the A-V node). Further- 
more, ouabain did not appreciably affect retrograde 
refractoriness of the fast pathway. 

' The findings in group H, unlike those in group I, 
demonstrated that both the anterograde and retrograde 
limbs of the reentry circuit had electrophysiologic 
characteristics of the A-V node. The following findings 
support this contention: (1) conduction in the retro- 
grade limb was longer than in group I patients, despite 
the fact that anterograde conduction was also longer in 
group II than in group I patients, and (2) in contrast to 
group I, ventriculoatrial conduction time in response 
to incremental ventricular pacing and the retrograde 
H-A» intervals in response to decreasing V,-V» inter- 
vals increased after the administration of ouabain. The 
increases in H5-À; intervals generally corresponded to 
the changes in H-Ae intervals and were relatively similar 
in magnitude to the changes observed in control 
subjects. 

Refractoriness of the anterograde and retro- 
grade limbs of the reentry circuit: It is generally 
believed that A-V nodal reentry represents functional 
dissociation of the A-V node into two separate path- 
ways.9-!! According to this theory, when anterograde 
block occurs in the fast conducting pathway with longer 
refractoriness, conduction occurs exclusively through 
the slow conducting pathway with shorter refractori- 
ness. This theory is supported by the observation of 
discontinuous A-V nodal curves in some patients with 
paroxsymal supraventricular tachycardia.9-!! 

We were unable to demonstrate anterograde or ret- 
rograde discontinuous A-V nodal curves in any patient 
in group I. Furthermore, our observations suggest that 
in the majority of these patients, the retrograde fast 
pathway had shorter refractoriness than the antero- 
grade slow pathway. In contrast, three of five patients 
in group H demonstrated anterograde discontinuous 
A-V nodal curves. In two of these three patients, the 
retrograde functional refractory period of the A-V node 
was longer than the anterograde functional refractory 
period of the A-V node, whereas in the third patient it 
was shorter. However, it should be pointed out that the 
retrograde effective refractory period of the A-V node 
was never attained in any patient in group I or in four 
of five patients in group II. The initiation of a reverse 
form of tachycardia in only one of these patients with 
utilization of the slow pathway for retrograde conduc- 
tion at the time of failure in conduction in the retrograde 
fast pathway provides strong evidence for longer ret- 
rograde fast pathway effective refractoriness.” Ven- 
triculoatrial block in this patient and the inability to 
reinitiate the tachycardia after the administration of 
ouabain suggest that the drug induced block in both 
pathways in the retrograde direction. 

Role of A-V nodal bypass tracts: The findings in 
group I suggest that the retrograde limb of the reentry 
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, E 
circuit is an extranodal pathway?* ?! that functions only. 
in the retrograde direction. It is also possible that the. 
retrograde limb is an intranodal pathway that connects: 
to the His bundle, is insulated from the rest of the A-V 
nodal mass and has physiologic characteristics unlike” 
that of the A-V node. Stronger evidence for one of these 
pathways will require morphologic and cellular studies 
in these patients. Because conduction in the retrograde __ 
limb of the reentry circuit and retrograde A-V nodal - 
conduction in four of five patients in group H were _ 
shorter than conduction in the anterograde limb and- 
never equalled or exceeded the latter, it may be argued - 
that partial bypass of the A-V node with insertion of the 
proximal limb in the atrionodal region comprised the. 
retrograde limb in these patients. However, this is un- 
likely because (1) conduction in the retrograde limb was. 
relatively long, and (2) changes in H-Ae intervals cor-. 
responded to changes in H;-A» intervals that were _ 
similar in magnitude to those observed in four of five. 
control patients after the administration of ouabain. . 
The incidence of A-V nodal bypass tracts that | 
function only in the retrograde direction in patients 
with paroxysmal supraventricular tachycardia is not 
known. In a study on the effects of verapamil in 13 pa- 
tients with paroxysmal supraventricular tachycardia, 
Spurrell et a1.?? postulated the utilization of A-V nodal 
bypass tracts in 5 of 13 patients. However, systematic 
analysis of retrograde A-V nodal conduction and res _ 
fractoriness and correlative observations on retrograde _ 
A-V nodal conduction and H-Ae intervals before and 
after the administration of verapamil were not available - 
in their patients. Narula® suggested the presence of. 
retrogradely functional A-V nodal bypass tracts in 8 of | 
19 patients with intact ventriculoatrial conduction and | 
evidence of paroxysmal supraventricular tachycardia. _ 
However, the presence of Kent bundles functioning 
solely in the retrograde direction were not excluded in. 
his study, nor were the characteristics of tachycardia 
assessed. 
Clinical implications: Our findings indicate that the 
pathways in reentrant A-V nodal tachycardia may not 
be the same in all patients. Depending on the electro- 
physiologic properties of the anterograde and retrograde 
pathways, the inherent rate of tachycardia and the re- 
sponse to drugs will vary. Patients with retrograde A-V 
nodal bypass tracts or rapid retrograde conduction will. 
have relatively faster rates, whereas patients who utilize _ 
the A-V node for both anterograde and retrograde 
conduction will have slower rates. 
Digitalis has been advocated as the drug of choiceif | 
paroxysmal supraventricular tachycardia does not re- 
spond to usual vagotonic maneuvers. Our observations 
and those of others!9.!? suggest that digitalis is useful 
in the management of these patients because of the in- 
ability to sustain tachycardia and the decrease in rate 
of tachycardia and the echo zone after the administra- 
tion of ouabain. Furthermore, our observations suggest 
that patients who utilize the A-V node in the reentrant 
process may benefit more from digitalis and drugs such 
as propanolol that induce delay in conduction or block 
in the anterograde or retrograde limb, or both. 
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The effect of optimal medical therapy on coronary arterial anatomy was 
evaluated in 25 patients with unstable angina pectoris. Coronary arter 
diameter and the extent of stenosis were exactly quantified in two suc- 
cessive coronary angiograms performed in each patient at approximately 
a 1 year interval (range 4 to 31 months, average 12.4 months). Thi 
measuring device was a vernier caliper with an accuracy of 0.05 mm 
After 1 year of medical treatment 69 stenoses of the three májor coronary 
branches showed no significant change: The average degree of area 
obstruction of 27 stenoses of the right coronary artery was 79 and 84 
percent in the initial and second studies, respectively; that of 26 stenoses 
of the left anterior descending artery 78 and 77 percent, respectively, and 
that of 16 stenoses of the left circumflex artery 73 and 83 percent, t 
spectively. In 11 patients, 14 stenoses showed a distinct progression o 
more than 20 percent area obstruction. All six stenoses showing more 
than 90 percent obstruction in the first angiogram progressed to complete - 
obstruction within 1 year. In five other patients area obstruction in five . 
stenoses regressed by more than 20 percent. The anatomy of vessel 
segments distal to obstructions remained unchanged within 1 year. It is 
concluded from these quantitative measurements that the distribution and ; 
severity of coronary lesions are similar in patients with stable and unstabl 
angina pectoris. Coronary anatomy showed no significant change aftei 
1 year of medical treatment. The rate of progression was substantially 
lower than previously reported in patients with stable angina pectoris. 


Unstable angina pectoris is a clinical syndrome of chest pain interpose 
between the syndromes of stable angina and myocardial infarction. Fro 
the patient's history a distinction is made between the three clinic: 
manifestations. Unstable angina may be defined as (1) effort angina of. 
recent onset (preceding 4 weeks), (2) effort angina with a recent! 
changing pattern, that is, an increase in frequency or severity of ischemi 
cardiac pain, and (3) recent onset of angina at rest. 

This variability in the clinical manifestation of unstable angina pe 
toris is associated with a broad spectrum of coronary artery disease as 
shown by angiography.!? If only severe stenoses are considered, angi- 
ography reveals single vessel disease in approximately 30 percent | 
patients with unstable angina, double vessel disease in approximatel 
30 percent, triple vessel disease in approximately 30 percent and norm 
coronary arteries in the remaining 10 percent. 

The variety of clinical manifestations and angiographically demon 
strable anatomic patterns renders appropriate therapy difficult. 
large proportion of patients with unstable angina vigorous medic 
therapy relieves the acute attack and leads to a more stabilized angin: 
pattern.?4 However, this symptomatic improvement does not prov 
information about the influence of medical therapy on the underly 
coronary arterial anatomy and, in particular, on the natural history: 
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the disease. In this study we reexamined the coronary 
arterial anatomy in 25 patients with unstable angina 
pectoris after approximately 1 year of optimal medical 


therapy. Coronary arterial diameter and the extent of 


stenosis were quantified exactly from the angiographic 
screen using a new measuring technique. 


Methods 


Patient Selection 

The patients for this study were selected from the Alabama 
portion of a nationwide survey comparing medical and surgical 
treatment in patients with unstable angina pectoris. The 
clinical diagnosis of unstable angina was made in all cases by 
a staff cardiologist. The criteria for this diagnosis were (1) a 
recent onset or a changing pattern of effort angina, and (2) a 
recent onset of angina at rest. The clinical situation must have 
been sufficiently severe to warrant admission to the coronary 
care unit. Transient electrocardiographic S-T or T wave 
changes, or both, during the ischemic attack were essential for 
inclusion in this study. Patients were admitted to the coronary 
care unit and initially treated with bed rest, isosorbide dini- 
trate and nitroglycerin sublingually. If they were taking pro- 
pranolol the dose was usually maintained at 80 mg/day before 
coronary arteriography; otherwise, administration of the drug 
was not begun until after coronary ai teriography. If a myo- 
cardial infarction was excluded by standard criteria after an 
observation period of 48 to 96 hours, informed consent was 
obtained, and selective coronary angiography (study A) and 
left ventricular angiography were performed. 

Treatment groups: The result of the catheterization study 
was used to determine which group the patient entered: Group 
A, obligatory medical therapy; Group B, obligatory surgical 
therapy; or Group C, randomized to medical or surgical 
therapy. Patients were assigned to obligatory medical treat- 
ment (Group A) if they had normal coronary arteriograms, 
very mild coronary artery disease or very severe distal coro- 
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FIGURE 1. Coronary angiographic frame from a 
representative stenosis of the left anterior de- 
scending artery in the right anterior oblique pro- 
jection. The arrows show the sites of measure- 
ments tc calculate the degree of stenosis. Open 
arrow = prestenotic diameter (Dnorm); closed 
arrow = stenotic diameter (Dsten). Note that the 
stenotic diameter is measured in at least four 
projections, and the degree of stenosis is then 
calculated by the formula percent area stenosis 
= 1 — (Deten?/Dporm2) X 100. In this formula Daren 
is the calculated mean diameter from the mea- 
sured diameters in the different projections. In this 
specific case the degree of stenosis was calcu- 
lated as 84 percent of cross-sectional area. 





nary artery disease or marked left ventricular dysfunction. 
Surgery was considered obligatory in the small group of pa- 
tients who had an obstructive lesion of the left main coronary 
artery exceeding an estimated 50 percent of the diameter of 
the lumen. Other patients were randomly assigned to medical 
or surgical treatment. 

Medical therapy included bed rest in the coronary care 
unit, administration of oxygen, propranolol, long-acting ni- 
trates as often as every 2 to 3 hours, additional nitroglycerin 
as required, sedative drugs and, if necessary, digitalis and 
diuretic drugs and control of blood pressure. Anticoagulant 
therapy was used at the discretion of the physician. If this 
medical therapy failed, the patient was offered surgical 
therapy after 1 week. Otherwise the medically treated patients 
were followed up at average intervals of 3 months and had a 
second coronary angiogram (study B) at an average interval 
of 12.4 months (range 4 to 31 months). 

Twenty-five patients were selected from the 55 patients 
randomized to medical therapy in the cooperative unstable 
angina protocol at this institution and were those patients 
consenting to repeat coronary angiography at the start of this 
investigation. No patients were lost to clinical follow-up during 
the interval covered by this st udy. 

During the follow-up period medical therapy included 
vigorous treatment with propranolol to the point of control 
of symptoms or to a pulse rate of about 60/min, most fre- 
quently at a dose level of 160 mg/day; nitrates to the point of 
tolerance of headaches or to control angina; treatment of hy- 
pertension; strong encouragement of the patient to stop 
smoking; and instruction in a low-saturated fat diet. Medi- 
cations were not used for lowering serum lipid levels. Anti- 
platelet agents were not prescribed, 


Measurements 


In the 25 medically treated patients comparable diameters 
of coronary arteries and the degrees of obstruction were 
measured in both the initial and the repeat angiogram with 
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a vernier device (accuracy 0.05 mm). Both 35 mm cinefilms 
and large film angiograms were available for each patient. 
Large films were used to identify exactly corresponding sites 
of measurements. Vessels without disease were measured 
exclusively on 35 mm films, whereas stenoses were evaluated 
using both cineangiograms and large films. For the projection 
of the 35 mm films a Tage-Arno projector was used. The en- 
largement factor of approximately 1:3 was determined exactly 
by measuring the catheter tip placed in the coronary ostium. 
Only the arteries coursing nearly parallel to the image plane 
were measured in the different projections; that is, we assessed 
the left anterior descending artery and the posterior de- 
scending branch of the right coronary artery in the right an- 
terior oblique projection and the left circumflex artery and 
the main trunk of the right coronary artery in the left anterior 
oblique projection. To minimize errors from pin-cushion 
distortion, which can cause an error averaging 7 percent, the 
measurements were consistently performed near the central 
X-ray beam. Although we were unable to find any detectable 
change in luminal diameter during the cardiac cycle, we always 
measured at end-diastole to avoid a blurring effect from rapid 
heart movements or errors caused by axial or spatial rotations. 


-This procedure is especially important in this comparative 


study. 

Degree of stenosis: Taking into account the eccentric 
lumen of many obstructions, we measured atherosclerotic 
lesions in as many projections as possible including 35 mm 
cinefilms and large films. Sites of measurements in vessels 
with obstructions included the prestenotic segment, the 
narrowest portion of the obstruction, the immediate post- 
stenotic segment and the peripheral segment of the vessel (Fig. 
1). The degree of stenosis was calculated by the formula per- 
cent area stenosis = 1 — (Deten®/Dnorm”) X 100, where Dnorm 
is the diameter of the undiseased prestenotic vessel and Deten 
the average stenotic diameter calculated as the arithmetic 
mean determined from as many measurable diameters as 
possible. Each clearly defined stenosis was measured. In 58 
stenotic vessels a total of 69 stenoses were measurable; in seven 
patients two stenoses and in two patients three stenoses were 
measurable in a single branch. Only in the three major 
branches—left anterior descending, left circumflex and right 
coronary artery-—were a sufficient number of stenoses mea- 
surable to allow statistical analysis. The main stem of the right 
coronary artery was subdivided into a proximal, middle and 
distal third and the left anterior descending coronary artery 
into a proximal and distal segment with respect to the first 
septal perforator. In the left circumflex artery only stenoses 
between the origin of the vessel from the left main coronary 
artery and the most distal significant obtuse marginal branch 
were considered, and this section of the vessel was called the 
main stem of the left circumflex artery. 

Allangiograms were chosen at random and read by the same 
observer. To establish the precision of the measurements 25 
stenoses in 14 angiograms were analyzed at two different times 
by the same observer in a pilot study. The differences in cal- 
culations of the degree of obstruction ranged from 0 to 11 
percent (average difference 6.2 + 3.0 percent [mean + stan- 
dard deviation]. 


Validity of Method 


The validity of this method in determining true vessel di- 
ameter particularly in obstructions has been tested in com- 
parisons of intravital angiograms with postmortem histologic 
measurements of the same coronary lesions. In 12 patients 
who had coronary angiograms and who died from various 
causes (average 3 months later), the coronary arteries were 
filled and fixed at autopsy under physiologic pressure using 
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FIGURE 2. Correlation of percent stenosis measured intravitally (ab- 
scissa) and post mortem (ordinate) in nine hearts. n = number of 
comparable stenoses; r = correlation coefficient. f 


a modified Fulton technique.’ Histologic sections were ob- 


tained and were measured using a scaled optical system. The 


procedure uses a magnification technique on the true section 
to allow more accurate planimetry of the coronary cross sec- 
tion. At 66 measuring points the diameter of coronary arteries 
measured from the intravital angiogram was compared with 
the vessel diameter found en postmortem histologic study. 
The plot demonstrated a clear linear relation between these 
two measurements, with a correlation coefficient of r = 
0.85. X 
In 19 stenoses we measured prestenotic and stenotic di- 
ameters from the intravital angiogram in as many projections: 
as possible. From these measurements we calculated the mean: 
stenotic diameter, which then served as a reference for cal- 
culating the degree of stenosis. Subsequently we constructed: 
a circle having the calculated mean stenotic diameter and 
compared the area ratio of the prestenotic and constructed 
stenotic circles with the area ratio measured post mortem. - 
This relation yielded a correlation coefficient of r = 0.87 (Fig: 
2). 


Quantitative Measurements on Collateral Vessels 


Because we found at least one severe stenosis bypassed with- 
collateral vessels in 16 patients in this study, we attempted - 
to assess the development of collateral vessels by quantifica-. 
tion. In each patient who had a stenosis bypassed by collateral ~ 
vessels the specific pathways? were evaluated in study As: 
Evidence for both anterograde and collateral filling or col- 
lateral filling alone was registered. With the vernier caliper _ 
the diameter of the vessel filled by collateral vessels and the. 
diameter of the largest visible collateral vessel were measured. 
The density of collateral vessels was counted as visible vessels _ 
per 2 cm”. These data were compared with the analogous data _ 
of study B. Only a distinct increase in at least two of the 
measured variables or the demonstration of a newly developed: 
collateral pathway was considered progression in collateral- 
ization. a 
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TABLE ! 
| Angiographic Findings in 25 Patients With 
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uU > LAD = Jef anterior descending coronary artery: LCf = left circumflex 
_ coronary artery; RCA = right coronary artery 


Results 


-... Distribution of patients with lesions: Table IA 
demonstrates the arteriographic distribution of all le- 
_ sions in the first angiogram ( study A) in the 25 patients 
studied. Patients with normal angiograms were not in- 
cluded because their treatment was not randomized. 
_ One patient (4 percent) had single vessel disease, in this 
- instance a complete obstruction of the right coronary 
. artery. Eleven patients (44 percent) showed double 
- vessel disease in the first angiogram; the left anterior 
. descending coronary artery was involved in nine pa- 
_ tients. Thirteen patients (52 percent) had triple vessel 
. disease. 
....In Table IB only stenoses of more than 75 percent 
area obstruction are considered. Of the 13 patients with 
triple vessel disease 2 (13 percent) had one minor ste- 
. nosis in one vessel and therefore were reclassified as 
< having double vessel disease. In contrast 6 (55 percent) 
of the patients with two vessel disease had only one se- 
vere stenosis and were reclassified in the group with 
single vesse! disease. 
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TABLE Il 


Average Degree of Stenosis (3-1 standard error) Measured 
in the Initial (Study A) and Second (Study B) Coronary 








Angiograms 
Stenosis 
Vessel (no.) Study A* Study B* 

RCA! n 

Proximal 13 76 i 7.396 813 5.196 

Middle 11 80 t 9.196 88+ 5.196 

Distal 3 904+ 5.796 87 X 7.096 
Mean 27 79 X 5.196 84 X 3.396 
LAD! 

Proximal 11 83 t 3:496 81 + 3.496 

Distal 15 74 +69% 74 £862% 
Mean 26 78 t 4.2% 77 X 3.896 
ECf 

16 73 + 8.196 


Main stem 83 + 4.4% 





* There were no significant differences between values in studies 
A and B. 

* The main stem of the right coronary artery is subdivided ihto a 
proximal, middle and distal third. 

* The left anterior descending coronary artery is subdivided into a 
proximal and distal part with -espect to the first septal perforator. 

LAD = left anterior descending coronary artery; LCf = left circumflex 
coronary artery; RCA = right coronary artery. 


Degree of stenosis: In the 25 patients all 69 stenoses 
of the three major coronary branches (2.8 stenoses/ 
patient) were measurabie and the data in studies A and 
B could be compared. Table II demonstrates the dis- 
tribution of these 69 stenoses in the three branches— 
right, left anterior descending and left circumflex cor- 
onary artery and shows the average degree of stenosis 
in the two studies. A total of 27 right coronary arterial 
stenoses demonstrated only a slight and insignificant 
mean increase in area obstruction from 79 to 84 percent, 
Twenty-six stenoses of the left anterior descending ar- 
tery showed an even closer mean degree of narrowing 
(78 and 77 percent, respectively) in studies A and B. The 
overall increase of 16 left circumflex arterial stenoses 
from 73 to 83 percent was also not significant. 

The insignificant changes in the average degree of 
Stenosis suggests that the majority of patients had un- 
changed stenoses. The distribution of unchanged ste- 
noses in the three major branches is shown in Table III. 
In 20 patients with stenoses of the right coronary artery, 
15 (75 percent) had no change in obstruction from study 
A to study B. In 14 (64 percent) of 22 patients with 


: Number of Vessels Showing no Change in Degree of Stenosis Between the Initial (Study A) anc Second (Study B) Coronary 


_Angiograms and Their Collateral Blood Supply 


























Stenosed Vessels 
Vessels With 
No Change in Collateral Blood Supply - ane 
. Stenosis _ None Visible Unchangec increased 
Vessel Total no no. 96 in Study A in Study B in Study B 
RCA 20 15 75 6 5 4 
LAD 22 14 64 8 5 1 
LCt 16 10 63 7 3 0 
LAD - left arterior descending coronary artery; LCf = left circumflex coronary artery; RCA - right coronary artery. 
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TABLE IV 


Vessels With Progression or Regression of Degree of Stenosis Between the Initial (Study A) and 
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Case :,:99F00 OF MIEN OSS quor Y Collateral 
no. Vessel A B Blood Supply 
Progression of Stenosis 
P 1 RCA 0 73 Progression 
2 RCA 66/56/83 100 Only in study B 
3 RCA 0 75 None visible 
4 RCA 94 100 Only in study B 
LAD 91 100 Only in study B 
5 LAD 93 100 Only in study B 
6 LAD 81 83/44 None visible 
7 LAD 49 78 None visibie 
LCf 94 100 Only in study B 
8 LAD 90 100 Only in study B 
LCf 91 100 Only in study B 
9 LCf 72 91 None visible 
10 ŁC 0 81 None visible 
ti LCf 68 99 Only in study B 
Regression of Stenosis 
42 RCA 80 49 Only in study A 
13 LAD 82 44 None visible 
14 LAD 88 65 None visible 
15 LAD 88 69 None visible 
16 LCF 70 


49 None visible 








LAD = left anterior descending coronary artery, LCf = left circumflex coronary artery; RCA = right coronary artery. 


stenoses of the left anterior descending artery and in 10 
(63 percent) of 16 patients with stenoses of the left cir- 
cumflex artery in study A there was no change in the 
degree of stenosis between studies. 

Progressive and regressive stenoses: Stenoses that 
showed a distinct (more than 20 percent) change over 
the 1 year interval are of special interest. Fourteen of 
69 stenoses (20 percent) demonstrated a marked in- 
crease in area obstruction (Table IV). All six stenoses 
of 90 percent or more in study A progressed to complete 
obstruction in the repeat angiogram. In addition, 
Patient 2, who had three right coronary arterial stenoses 
in study A, had complete occlusion of this vessel in study 
B. Three vessels (two right coronary arteries, one left 
circumflex artery) that had no disease in the first study 
manifested a significant stenosis in study B. Three pa- 
tients had a measurable progression of disease in two 


TABLE V 


vessels. In two of these patients complete obstruction 
developed in two vessels each. ae 
In contrast, a distinct regression (more than 20 per- 


cent) in the severity of stenosis was found in five other . 
patients (Table IV, Fig. 3). Only one of these patients o 


(Case 12) had a hyperlipidemia (type IV) that was _ 
successfully treated with diet in the follow-up study: 
Collateral vessels: The distribution and develop- 


ment of collateral vessels are shown in Tables IH to V. s 


Quantitative evaluation of collateral vessels was possible 
in 16 patients (64 percent), 12 with collateralization of 
one stenotic vessel and 4 with collateralization of two 


obstructed vessels. Of the 20 obstructed vessels 11 were p 


right, 6 left anterior descending and 3 left circumflex 
coronary arteries. Thus, 55 percent of obstructed right ~ 
coronary arteries were collateralized compared with .. 


only 27 percent of obstructed left anterior descending 

















Vessels (no.) 
"m Obstructed Vessels (no.) in Study A in Study B 
With With Quantitative 
With 100% Collateral Increase in 
Vessel Total Obstruction Vessels Collateralization 
RCA 20 8 11 7 
LAD 22 4 6 4 
LCf 16 3 3 3 
Total 58 15 20 14 
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Study B 


and 19 percent of obstructed left circumflex arteries. 
The average degree of stenosis in vessels with resultant 
collateral circulation was 95 percent, but in 75 percent 
of the collateralized vessels a complete obstruction was 
present. All vessels with complete obstruction in study 
A showed collateralization, compared with only 21 
percent of vessels with obstructions of 75 percent and 
none of those with stenoses of less than 75 percent area 
obstruction. In study B only 14 vessels (that is, 24 per- 
cent of all obstructed vessels) demonstrated a measur- 
able increase in collateralization over that in study A. 
Seven of these stenoses progressed from high degree to 
complete obstruction between studies (Table IV). 
However, it should be emphasized that 38 (66 percent 
of all obstructed vessels) did not have visible collater- 
alization in study A. 


Discussion 


In 1971 Fowler? first used the now widely accepted 
term "unstable angina" for a spectrum of clinical 
symptoms in ischemic heart disease. The patients af- 
fected by this type of suddenly worsening angina were 
considered to be at high risk of myocardial infarction 
and sudden death in the near future.!0!! Surgical 
therapy was suggested!?.!? to prevent this unfavorable 
outcome; however, some randomized trials!^!^ of 
medical and surgical treatment of unstable angina have 
recently shown encouraging results from medical 





FIGURE 3. Patient 15 (Table IVB). Angiographic dem- 
onstration of a regressive stenosis in the left anterior 
descending artery in the right anterior oblique projection 
(top) and lateral projection (bottom). In the initial study 
(left) the degree of obstruction is 88 percent; in the repeat 
study 13 months later (right), it is 69 percent. 


therapy when the acute stage is controlled. 

The natural history of medically treated patients with 
unstable angina pectoris is not known with precision 
and depends largely on the underlying coronary artery 
disease. The present method of evaluating coronary 
arterial findings is subjective and is not ideal for precise 
comparison of angiograms in the same patient. We know 
from several studies! "-? that the subjective element in 
detecting and grading coronary stenoses leads to a wide 
range of intra- and interobserver variability. However, 
truly objective, reproducible measurements would allow 
an adequate comparison between angiograms. Since 
Gensini et al.?? began to measure coronary diameters 
before and after administration of nitroglycerin, several 
techniques have been developed to make these mea- 
surements more reliable and easier to perform.2!.22 The 
results obtained with our own technique are in close 
agreement with the ones obtained with highly elaborate 
methods.20.23 

Distribution of lesions: Plotnick and Conti! pro- 
posed that only patients with operable coronary lesions 
be included in a prospective randomized trial of therapy 
for coronary artery disease. We excluded from our study 
patients with unstable angina and normal coronary 
arteries at angiography and treated them medically. 
Slightly more than half of our patients (13 of 25) had 
triple vessel disease. Of the 11 patients with double 
vessel disease the majority had left anterior descending 
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artery disease. This distribution is similar to the data 
published by Hultgren.?4 

When only vessel obstructions of more than 75 per- 
cent (cross-sectional area) are considered, the distri- 
bution in our series was quite consistent with previously 
published data. In a review of eight series of patients 
with angiographic studies including 408 patients with 
unstable angina, Day et al.* calculated that 25 percent 
of patients had single, 34 percent double and 41 percent 
triple vessel disease. This distribution is similar to that 
reported for groups of patients with stable angina.” The 
similar extent of coronary disease in the patients with 
stable and unstable angina supports the concept that 
‘the difference in clinical symptoms is not due to de- 
monstrable differences in coronary arteriographic 
anatomy. Features other than angiographically de- 
monstrable factors are crucial for the clinical course. 

Degree of obstruction: The average degree of ob- 
struction in the three major coronary branches of our 
patients is one that is widely accepted as "critical" in 
causing reduction in coronary blood flow. From exper- 
imental data” it is known that at least three fourths of 
the cross-sectional area of a vessel must be occluded to 
create insufficient myocardial perfusion even at rest. 
Our values are in this range of stenosis for every branch, 
if one considers the subdivision of the right coronary 
artery into a proximal, middle and distal segment and 
the left anterior descending artery into a proximal and 
distal segment with respect to the first septal perforator. 
Because most investigators evaluate the coronary an- 
giogram on a more subjective basis, there are few re- 
ported quantitative data about coronary morphometry 
in a clinically defined group of patients with coronary 
heart disease. In our own previous studies using the 
same technique of measurement,”’ we found the degree 
of stenosis in the left anterior descending and left cir- 
cumflex arteries is very similar to that in patients with 
stable angina. However, we found that patients with 
stable angina have significantly less obstruction in the 
right coronary artery than patients with unstable an- 
gina. The reason for this finding remains speculative. 

In the present investigation we found no significant 
difference between the first and second angiographic 
study in the degree of obstruction in any of the vessels 
under scrutiny. In their angiographic study of 73 pa- 
tients with stable angina pectoris Bemis et al. 9 observed 
pronounced progression of coronary stenosis in the 1st 
year after the initial angiogram. In addition, they found 
the most striking progression at the site of previous le- 
sions. If there is a difference in the pace of progression 
of coronary artery disease between patients with stable 
and unstable angina pectoris one might expect a faster 
deterioration in the latter group. However, our data do 
not confirm this theory. It seems unlikely that the rapid 
progression of an already severe stenosis is responsible 
for the changing clinical symptoms of unstable angina 
pectoris. In our patients with unstable angina pectoris 
the coronary lesions most frequently remained un- 
changed in the Ist year after onset of the syndrome and 
did not show a continued progression of obstruction. 
The anatomic lesions underlying the clinical findings 


* 


: f 
of unstable angina remained identical in most patients- 
receiving optimal medical therapy when their symptoms | 
were stabilized. This finding again suggests that the 
troublesome clinical instability may be due more toa . 
time-limited dynamic imbalance between myocardial . 
blood supply and demand than to an accelerated pro- 
gression of an already high degree of obstruction. In this 
range of severe stenosis minimal increases in obstruction 
or in demand for blood would result in a critical decrease 
in coronary pressure and flow with resultant symp- 
toms.?? 

Progressive stenoses: The 14 stenoses that pro- 
gressed in degree of obstruction between study A and. 
study B were nearly equally distributed in the three 
major branches. The percent of stenoses that showed 
progression in our study (20 percent of lesions) was 
relatively low in comparison with the 52 to 76 percent 
range reported in follow-up studies of patients with 
stable angina.?529-3? It is unlikely that the unstable 
clinical course at the time of the first-angiogram in our 
patients was the deciding factor in our small percent of 
stenoses showing progression. On the contrary, one © 
might have expected a greater degree of progression of. 
obstruction in our patients with unstable angina. 

Three patients (4 percent) had a rapid development 
of severe stenoses at sites that were normal in the initial 
angiogram. This relatively low rate of progression in 
comparison with that reported by others?? also supports 
the concept of an imbalance between myocardial oxygen 
need and supply at the onset of the unstable anginal 
syndrome. 

Half of the vessels with progressive stenosis had an 
initially high degree of obstruction (90 percent or more) 
or multiple stenotic lesions and later had complete ob- 
struction. All three major branches were equally in- 
volved with this phenomenon. Five subtotal stenoses 
that progressed to total occlusion were found in three 
patients who showed progressive obstruction in two: 
major vessels. Except in one patient (Case 5) the oc- 
clusion of a vessel after the initial angiogram resulted 
in a myocardial infarction in the area supplied by the 
occluding vessel. 

Regressive stenoses: The reversibility of ather-- 
omatous disease has been studied extensively in ex- 
perimental animals.” In primates the regression of 
coronary atherosclerosis induced by a hypercholester- 
olemic diet has been demonstrated. In man malnutri- 
tion and wasting diseases have been associated with an 
apparent decrease in atherosclerotic plaques. To our 
knowledge there are few angiographic data supporting 
the concept of regressing coronary lesions.?* Most in- 
vestigations do not mention the possibility of regression, 
and Bemis et al.?? expressly denied that it occurred in 
their study. The amount of measured regression seen. 
in our study was not limited by the degree of accuracy 
of our method. In an average size coronary vessel of 2.0. 
mm diameter a 20 to 30 percent difference amounts tò 


0.4 to 0.6 mm, whereas our measuring device can detect - 


differences as small as approximately 0.05 mm. Stenoses | 


are carefully examined in as many projections as pos- 


sible. We are aware of the difficulties in assessing ré- 
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gression of disease under the limitations of coronary 
. angiography, but perhaps such a careful quantitative 
:,evaluation of coronary angiograms opens new possi- 
bilities in assessing in man this well described phe- 
nomenon in animals. 

Collateral vessels: In our study the percent of ves- 
sels showing collateralization of severe obstructions was 
lower than in the study of Fischl et al.! In patients with 
stable angina pectoris the incidence of collateralization 
is reported to be significantly greater.*-°6 As Fischl et 
val! suggested, this could be one reason for the increased 

vulnerability of the myocardium to even minor changes 

in degree of stenosis or myocardial oxygen demand in 
~ patients with unstable angina. In our study most of the 
. vessels with severe stenoses (38 vessels or 66 percent) 
did not show any angiographically visible collateral- 
ization. Only 14 stenosed vessels (24 percent) demon- 
strated a progression in collateral blood supply: 64 
percent of these also had a distinct progression in the 
degree of stenosis. All vessels with complete obstruction 
in the initial study showed collateralization, whereas 
* only 21 percent of the vessels with 75 percent or more 
obstruction (but less than 100 percent) exhibited col- 
lateralization and none of the vessels with stenoses of 
less than 75 percent obstruction manifested collateral 
circulation. 

The paucity of collateral vessels in our group of pa- 
tients, together with the insignificant increase in col- 
lateral blood supply between studies, again supports the 
theory that unstable anginal symptoms may reflect a 

temporary myocardial underperfusion rather than a 
lasting change in flow pattern. Although the factors 
precipitating the syndrome of unstable angina are often 
mot clear, our findings suggest that the syndrome is 
probably not due to a demonstrable rapid worsening of 
coronary artery disease evoking increased collateral 
«channels to ischemic myocardium. 
^ Clinical features: Evaluation of the clinical records 
did not reveal any significant correlation between any 
of our patient groups—that is, patients with no change 
or progressive or regressive disease over the interval — 
and hypertension and smoking behavior. Actually, two 
of the five patients with regressive disease continued to 
smoke at least 1 pack of cigarettes a day. Unfortunately, 
serum lipid levels were not checked routinely during the 
first admission, but the serum lipid levels during the 
follow-up examinations could not be correlated with 
angiographic findings in any of our patient groups. 


Conclusions 


Aithough it is difficult to determine all the factors 
that may contribute to the sudden deterioration of 
myocardial blood supply, coronary angiography, par- 


ticularly when repeated, may be helpful in outlining 
some of the important factors. Careful quantitative 
examination is necessary to establish exact comparative 
studies. The data from our study show strong evidence 
that in most of these patients with unstable angina 
pectoris there is an insignificant amount of progression 
in coronary arterial narrowing over a 1 year period. 
Thus, only 14 of 69 stenoses (20 percent) demonstrated 
a marked increase in degree of obstruction. However, 
six of these progressing stenoses were of 90 percent se- 
verity in the initial stady and did progress to complete 
obstruction during the interval This supports the 
theory that unstable angina pectoris may be the clinical 
manifestation of a temporary period during the course 
of coronary artery disease in which a dynamic imbalance 
exists between myocardial blood supply and blood de- 
mand and leads to the profound clinical instability: 

1. In general, the distribution and severity of lesions 
in these patients indicate that the eoronary arterial 
anatomy is not significantly different in stable and 
unstable angina pectoris?! but a variation in severity of 
clinical symptoms may develop in certain patients for 
causes that are, as yet. unknown. 

2. 'The rate of deterioration of coronary lesions was 
slower in our group of patients than the rate reported 
in more qualitative studies of patients with stable an- 
gina pectoris. 

3. 'The paucity of collateral vessels found initially in 
our patients suggests the concept of the appearance of 
transient myocardial ischemia. If a sudden increase of 
the degree of stenosis had led to the clinical picture of 
unstable angina, one would have expected a substantial 
increase of collateral vessels in the interval between 
angiograms. But only one fourth of all stenotic vessels 
demonstrated a significant increase in angiographically 
measurable collateral channels. Most of these vessels 
manifested in the initial angiogram subtotal stenoses 
that progressed to complete occlusion. 

4. Stenoses of 90 percent or greater area obstruction 
were the lesions that most frequently progressed to 
complete occlusion during the interval of 4 to 31 months 
(average 12.4 months) between coronary angiograms in 
this investigation. 

5. In these high quality coronary angiograms, we 
demonstrated regression of coronary arterial stenoses 
ina few patients. 

Sequential angiography during and after the acute 
stage of unstable angina contributes anatomic patho- 
logic data indicating that unstable angina pectoris is not 
the manifestation of a specific coronary lesion or lesions 
but a phase of the spectrum of possible clinical events 
that can occur during the course of atherosclerotic heart 
disease. 
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The diastolic blood pressure response to treadmill exercise testing was 
analyzed in 281 patients. Diastolic blood pressure was measured at rest, 
during each stage of exercise, immediately on recovery, and 1, 3 and 5 
minutes into the recovery period. No change or a decrease in diastolic 
blood pressure was considered a normai response. An increase in diastolic 
blood pressure of more than 15 mm Hg on at least two determinations, 
comparing values at rest with those on exercise, was considered an ab- 
normal response. Only patients showing a normal increase in systolic 
blood pressure during exercise were included. Two hundred and nine 
patients had a normal and 72 patients an abnormal diastolic blood pressure 
response. In a subgroup of 41 patients who underwent coronary arteri- 
ography, 50 percent of patients with a normal diastolic pressure response 
had normal coronary arteries, compared with 17 percent of those with 
an abnormal response (P 0.03). Only 11. percent of patients with a 
normali diastolic pressure response had triple vessel or lefl main coronary 
artery disease, compared with 44 percent of patients with an abnormal 
response (P <0.93). Blood pressure at rest (132/84 mm Hg) and peak 
heart rate (mean 155 beats/min) were similar in each group. There was 
no significant difference between exercise-induced ischemic S-T segment 
changes in the two groups (13 percent for patients with a normal diastolic 
pressure response versus 15 percent for those with an abnormal diastolic 
pressure response). In conclusion, an abnormal diastolic pressure re- 
sponse to treadmill testing may be a good indicator of coronary artery 
disease even in the absence of S-T segment changes. 


'The response of systolic blood pressure to maximal treadmill exercise 
testing has useful diagnostic and prognostic implications. A failure to 
increase systolic pressure during exercise, or exercise-induced hypo- 
tension, correlates with an increased prevalence of severe two or three 
vessel.coronary artery disease!-* and with a reduced ejection fraction 
at rest. In addition, patients with the lowest systolic pressure response 
to exercise are at greatest risk for subsequent death due to coronary heart 
disease.'? 

The normal diastolic blood pressure response to exercise is no change 
or a slight decrease (less than 10 mm Hg) during submaximal or maximal 
exercise and a smal] decrease during the recovery phase (less than 4 mm 
Hg)? The present study describes diastolic blood pressure responses 
recorded in a group of symptomatic patients referred for treadmill 
testing. Patients with an abnormal response, defined as greater than 15 
mm Hg elevation in diastolie blood pressure, had a greater prevalence 
and severitv of coronary artery disease than those with a normal re- 
sponse, independent of the presence or absence of ischemic changes in 
the exercise electrocardiogram. 





" 








Material and Methods 


Patients: The study population included all patients re- 
ferred for exercise testing over a 2 year period. Patients were 
referred for evaluation of symptoms, usually chest pain. Two 
hundred eighty-one exercise records were classified as normal 
or abnormal on the basis of diastolic blood pressure response. 
À normal response was defined as no change or a decrease in 
diastolic pressure associated with increasing systolic pressure. 
An abnormal response was defined as an increase of more than 
15 mm Hg in diastolic pressure; this response was selected 
because a change of this magnitude is easy to detect during 
exercise. Two determinations demonstrating a 15 mm Hg 
increase were required to increase the reliability of the mea- 
surements recorded during exercise. Only patients who 
demonstrated a normal inerease in systolic blood pressure 
during exercise were included for analysis, in order to avoid 
an influence of inappropriate systolic blood pressure responses 
on diastolic changes. 

Historical data, including a history of hypertension and 


chest pain, and exercise electrocardiographic and hemody- 


namic data were tabulated for each patient. A subgroup of 41 
patients who underwent cardiac catheterization and coronary 


c angiography within 1 month of the exercise test were analyzed 


for the presence and severity of coronary artery disease. Single 
vessel stenosis of less than 75 percent was used as the criterion 
for excluding coronary heart disease. Greater degrees of ste- 
nosis or distribution, or both, were tabulated with clinical and 
electrocardiographic data. 

Exercise protocol: After informed consent was obtained, 
control electrocardiograms and blood pressure determinations 
were obtained with the patients seated. Rhythm strips were 
then obtained with the patients standing and after 45 seconds 
of hyperventilation. Submaximal (85 percent of maximal rate) 
treadmill testing was performed utilizing the Bruce protecol.® 
The electrocardiogram was monitored contmuously with an 
oscilloscope, and blood pressures and electrocardiographic 
rhythm strips were obtained at 2 minutes into each stage of 
the protocol, at peak exercise and 1, 3 and 5 minutes into the 
recovery period. A bipolar (CBs) precordial lead was used, 
with calibration before each test. Diastolic blood pressure was 
measured at phase V (disappearance of sounds). The average 
of at least two separate exercise determinations, or exercise 
and immediate recovery determinations, was used in calcu- 
lating the change in diastolic pressure from baseline. Diastolic 
pressure could not be accurately determined in 35 patients and 
these cases were excluded. 


ABNORMAL DIASTOLIC PRESSURE 


FIGURE 1. Prevalence of coronary artery disease in 41 
patients who underwent coronary angiography and ex- 
ercise testing within 1 month. The shaded portions rep- 
resent patients with coronary artery disease (greater than 
75 percent stenosis of at least one major vessel) on 
coronary angiography. Abnormal diastolic pressure is 
defined as an exercise-induced increase in diastolic blood 
pressure of more than 15 mm Hg; normat diastolic 
pressure indicates no change or a reduction in diastolic 
pressure. N — number of patients. 
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Results 


Exercise data: [n 72 of the 281 patients the response 
was classified as abnormal (increase in diastolic blood 


pressure greater than 15 mm Hg), and in 209 patients . c 


the response was normal (no change or decrease in di-. 
astolic pressure). The ages and resting blood pressures 


were not significantly different in any group (Tablel) . 


À history of hypertension was equally prevalent in each 
group (29 percent for both normal and abnormal re- 
sponses). Thus, abnormal diastolic pressure responses 
to exercise cannot be explained by factors relating to the 
presence of a history of systolic or diastolic hypertension 
at rest. In fact, mean resting diastolic blood pressure was 
actually lower in the abnormal than in the normal re- 
sponders (73 versus 84 mm Hg). 

The change in systolic pressure was equal in the two- 
groups and comparable with previously reported normal 
responses.! Abnormal diastolic pressure responses 


therefore did not relate to abnormalities in the systolic- - 


TABLE 1 


Characteristics of Patients With Normal and Abnormal 
Diastolic Blood Pressure Responses to Exercise 
(mean t standard deviation) 


Abnormal Normal 

Response "* Response" 

(no. = 72) (no. = 209) 
Age (yr) 48412 45413 
Resting blood pressure 126 X 17/ 132 + 18/ 

(mm Hg) 73411 844 11 

A Systolic pressure (mm Hg) 50 + 25 55 + 25 
A Diastolic pressure (mm Hg) +2445 -5.66 
Peak heart rate (beats/min) 155 + 25 155 + 26 
FAI (96) 29 4 17 27 4 18 
MI on ECG (no.) 22 (31%) 32 (1896) 
Chest pain (96) 69 63 
Hypertension by history (no). 21 (2996) 61 (29%) Jo 


* Abnormal = exercise-induced increase in diastolic blood pressure 
greater than 15 mm Hg; normal = no change or decrease in diastolic 
blood pressure. 

t+ P «0.01. 

? Hypertension = history of elevated blood pressure at rest requiring 
medical treatment. 

FAI = functional aerobic impairment; MI on ECG = pattern of 
transmural myocardial infarction in the electrocardiogram at rest. 
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. TABLE Ii i 














_ Hemodynamic and Angiographic Data in 41 Patients With Cardiac Catheterization (mean + standard deviation) 
s Blood Segmental 
Age Peak Pressure Contraction 
{yr} : HR at Rest Cc EF (96) Abnormalities 
Normal 49 i 9 139 + 26 133 + 16/ 2.8 + 0.62 Sit 14 6 patients 
-* yesponders* 87 + 13 (33%) 
zo (no. = 18) 
Abnormal 51+ 10 144 t 22 132 + i6/ 2.8 + 0.42 51 x 12 17 patients . 
| responders * 77 k8 (7496)! 
ino. = 23) : 








* Abnormal responders = patients with an exercise-induced increase ir: diastolic blood pressure greater than 15 mm Hg; Normal responders 


rm patients with no change or a decrease in diastolic blood pressure. 
T P <903. 


Cl = cardiac index (liters/min per m?); EF = ejection fraction (%); HR = heart rate (beats/min). 


__ blood pressure response to exercise. Peak heart rate was 
_ similar in each group (mean 155 beats/min), reaching 
85 percent of the predicted maximum for age. A similar 
_ percent of patients in each group gave a history of chest 
_ pain, typical or atypical of angina pectoris, and a similar 
^ percent (11 to 15 percent) had positive electrocardio- 
_ graphic signs of ischemia (greater than 1 mm horizontal 
_ or downsloping S-T depression 0.08 second after the S 
* wave). 

_ Hemodynamic and angiographic data: Forty-one 
_ patients underwent cardiac catheterization within 1 
_ month of exercise testing, 18 with a normal and 23 with 
;. an abnormal diastolic blood pressure response. The 
results are summarized in Figure 1. Fifty percent (9 of 
_. 18)-of the patients who had a normal diastolic blood 
_. pressure response had normal coronary arteries, and 11 
> percent (2 of 18) had triple vessel disease. None had 
_ -disease of the left main coronary artery. In contrast, only 
— 1T percent (4 of 23) of patients with an abnormal dia- 
stolice blood pressure response had normal coronary 
arteries, whereas 35 percent (8 of 23) had triple vessel 







- TABLE M 


| Features of Patients With a Normal Diastolic Blood 
__ Pressure Response* 














Patients 
With 
Entire Group Cath 
(po. = 209) (no. = 18) 
Age (yr) 45+ 13 4949 
1096 Female 1 38 44 
c. Hypertension (96) 29 7 
| Mbon ECG (95) 15 39 
Angina: typical /atypical (96) 37/26 50/28 
_ c Peak heart rate (beats/min) 155 138 
Positive ischemic response 13 17 
ey 
_. Blood pressure at rest 132/84 130/81 
(mm Hg) 
A Diastolic blood pressure —5.6 —4.5 
(mm Hg) PERSE 





: * Normal = mo change or a decrease in diastolic blood pressure with 
: exercise. 
} Greater than 1 mm horizontal or downsloping S-T segment de- 
pression 0.08 second after the S wave. 
Cath = cardiac catheterization, Mton ECG = pattern of transmural 
myocardial infarction in the electrocardiogram at rest. 
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disease and 9 percent (2 of 23) had disease of the left 
main coronary artery. The differences in percent of 
patients in each group with normal coronary arteries 
and triple vessel or left main coronary artery disease are 
statistically significant (P «0.03). 

Other hemodynamic and angiographic data ob- 
tained at cardiac catheterization are shown in Table H. 
The mean age and peak exercise heart rate were similar. 
Mean cardiac index was the same for both groups (2.8 
liters/min per m?), as was left ventricular ejection 
fraction (51 percent). However, 74 percent of the pa- 
tients with an abnormal diastolic blood pressure re- 
sponse had segmental contraction abnormalities on left 
ventriculography compared with only 33 percent of 
those with a normal response (P «0.05). Thus, it ap- 
pears that an abnormal diastolic blood pressure re- 
sponse to treadmill exercise is associated with a greater 
prevalence of coronary artery disease, a greater severity 
of disease and a greater frequency of left ventricular 
contraction abnormality on cardiac catheterization. The 
sensitivity, specificity and predictive value of abnormal 
diastolic pressure response were caleulated on the basis 
of the data shown in Figure 1.? The sensitivity was 68 
percent, specificity 69 percent and predictive value 83 
percent. 

'To determine whether the patients who underwent 
cardiac catheterization are representative of the entire 
group studied, various clinical and hemodynamic 
variables were compared in the subgroups who did and 
did not undergo this procedure. Table HI shows various 
characteristics of the normal population. Among pa- 
tients with a normal diastolic blood pressure response, 
those who underwent cardiac catheterization had a 
slightly greater incidence rate of classic angina (50 
versus 37 percent), ischemic changes on exercise testing 
(17 versus 13 percent) and a pattern of myocardial in- 
farction in the resting electrocardiogram (39 versus 15 
percent), but the differences were not statistically sig- 
nificant. These factors may have influenced the decision 
to perform cardiac catheterization. Age, blood pressure 
at rest and degree of change in diastolic blood pressure 
during exercise were not different in the total normal 
group and those who underwent catheterization. 

Table IV shows the same characteristics in the group 
with an abnormal diastolic blood pressure response. 





& 





TABLE IV 


Features of Patients With an Abnormal Diastolic Blood 
Pressure Response* 








Patients 
Entire With 
Group Cath 
(no. = 72) (no. = 23) 
Age (yr) 48 + 12 51+ 00 
% Female 43 17 
Hypertension (96) 29 26 
MI on ECG (96) 31 20 
Angina: typical/atypical (96) 40/29 50/17 
Peak heart rate (beats/min) 155 + 25 154 + 22 
Positive ischemic response? (96) 15 30 
Blood pressure at rest (mm Hg) 126/73 129/74 
A Diastolic blood pressure 124 124 
(mm Ho) 





* Abnormal = an exercise-induced increase in diastolic blood 
pressure greater than 15 mm Hg. 

t Greater than 1 mm horizontal or downsloping S-T segment de- 
pression 0.08 second after the S wave. 

Cath = cardiac catheterization; Mi on ECG = pattern of transmural 
myocardial infarction in the resting electrocardiogram. 


As in the normal population, the abnormal responders 
who underwent cardiac catheterization had a greater 
incidence rate of classical angina (50 versus 40 percent) 
and ischemic electrocardiographic changes on exercise 
testing (30 versus 15 percent). A pattern of myocardial 
infarction in the resting electrocardiogram was less 
common in the group with cardiac catheterization than 
in the total group of abnormal responders (20 versus 31 
percent). Age, blood pressure at rest and degree of 
change in diastolic blood pressure during exercise were 
equivalent in the total group with an abnormal blood 
pressure response and in those who had cardiac cathe- 
terization. These comparisons suggest that the 
subgroups of abnormal and normal responders who 
underwent cardiac catheterization are representative 
of the larger populations. 


Discussion 


Abnormal diastolic blood pressure response as 
an index of coronary artery disease: Our data dem- 
onstrate that exercise-induced elevation of diastolic 
blood pressure identifies a population having a high 
frequency and degree of severity of coronary artery 
disease.!? These findings are independent of ischemic 
electrocardiographic changes induced by exercise be- 
cause 13 percent of the group with a normal diastolic 
blood pressure response had a positive ischemic re- 
sponse in the electrocardiogram, whereas 15 percent of 
the group with an abnormal diastolic response had a 
positive ischemic response. The design of our study 
purposely excluded patients with an abnormal systolic 
blood pressure response to exercise; therefore, abnormal 
diastolic pressure responses are not related to systolic 
blood pressure abnormalities. Sensitivity, specificity 
and predictive value figures of 68, 69 and 8396, respec- 
tively, indicate that abnormal elevation of diastolic 
blood pressure has the potential to act as an indicator 
of coronary artery disease. 

Some investigators have questioned the reliability of 
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diastolic blood pressure measurements taken during © 
exercise.! We avoided this problem by requiring at least 
two determinations to demonstrate a change. Because 
this was a retrospective study, it is unlikely that ob- 
server bias influenced the recording of the blood pres- 
sure. The fifth Korotkoff sound (disappearance of 
sound) was chosen because it could be more reliably 
determined than the fourth (muffling of sound) with the 
background noise of the treadmill. However, there were 
35 patients in whom this point could not be accurately 
determined and these patients were excluded. 

Mechanism of increase in diastolic blood pres- 
sure as a response to exercise: This mechanism is 
unknown. It has been suggested that there is a muscle 
afferent feedback mechanism whereby, when muscle 
contraction occurs, afferent signals are sent from re- 
ceptors in exercising muscle to the brain? stimulating 
sympathetic centers. Coote et al.!* demonstrated a 
greater increase in mean arterial pressure when the 
muscle is rendered ischemic than when ischemia is ab- 
sent. There is evidence that this reflex exists in 
man.!5-18 McCloskey and Mitchell! showed that the 
reflex is most likely excited through a metabolic 
mechanism. Inadequate cardiac output relative to local 
tissue demands generating ischemia would, therefore, 
affect blood pressure responses to exercise. Bruce et al.!? 
previously showed that men with coronary heart disease 
have a higher peripheral resistance and a lower cardiac 
output and systemic pressure during exercise than 
healthy men. 

It is known that patients with congestive heart failure 
have an increased vascular sodium content, which tends 
to limit vasodilation. This is thought to be a protective 
mechanism to maintain blood pressure during exercise"? 
because patients with congestive heart failure have 
suboptimal increases in cardiac output and local muscle 
blood flow with exercise. 

If the local metabolic feedback mechanism is opera- 
tive in our patients, it is probably generated initially by 
inadequate cardiac output relative to the needs of the 
exercising muscles creating local tissue ischemia and 
setting the stage for reflex increases in blood pressure. 
If our patients had subclinical heart failure there may 
have been an added influence of inability of the local 
resistance vessels to dilate normally because of an in- 
creased intravascular sodium content. The result would 
be a failure of local metabolic vasodilatory mechanisms 
to override the central sympathetic responses to exer- 
cise, causing arteriolar constriction and elevation of 
diastolic blood pressure. It is reasonable to hypothesize 
suboptimal increases in cardiac output during exercise 
in our group with an abnormal diastolic blood pressure 
response because 83 percent of this group had coronary 
artery disease and 74 percent had left ventricular con- 
traction abnormalities at rest. 

Regardless of mechanism, we have found that an . 
exercise-induced increase in diastolic blood pressure 
(more than 15 mm Hg over the baseline value) is a useful 
finding. It identifies a group of patients with a high 
prevalence of coronary artery disease of an advanced. - 
degree whether or not there are coexisting electrocar- 
diographic changes. 
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Fifty consecutive patients were referred to the noninvasive laboratory for 
evaluation of suspected peripheral vascular disease. There were 30 men . 
and 20 women aged 27 to 88 years (mean 63). Measurement of cardio-  _ 
vascular risk factors revealed the following distributions: cigarette smoking — 
90 percent, hypertension 28 percent, diabetes mellitus 22 percent and 
hyperlipidemia 6 percent. Eight patients had a history of angina pectoris, .— 
7 a prior myocardial infarction, 5 a cerebrovascular accident and 11 prior - 
peripheral arterial revascularization surgery. Evaluation detected 32 __ 
patients (64 percent) with occlusive arterial disease of the lower limbs. 
Lead Il of the electrocardiogram was monitored during and 1, 2, 3, 4, and | 
5 minutes after treadmill exercise with a limiting grade of 10 percent at 
2.5 miles/hour. The mean resting and maximal heart rates for the study 
group were, respectively, 78 and 106 beats/min. The average treadmill 
speed attained was 1.9 miles/hour at a mean duration of 3.8 minutes. 
Thirty-seven subjects (74 percent) had normal electrocardiographic re- 
sponses to exercise. Of 13 patients (26 percent) with an abnormal ex- 
ercise electrocardiogram, 7 had possible ischemic S-T segment re- 
sponses. Six subjects manifested frequent premature ventricular com- 
plexes during exercise. Four other patients had abnormal $-T segments 
in the resting electrocardiogram (two had a pattern of left bundle branch 
block, and two a pattern of left ventricular hypertrophy and strain). 

A survey of 60 peripheral vascular laboratories in the United States . 
revealed that only 29 percent of the responding 34 centers routinely 
performed electrocardiographic monitoring during exercise testing. It is 
concluded that (1) electrocardiographic monitoring during exercise in 
the peripheral vascular laboratory can provide useful information regarding 
S-T segment responses, (2) abnormal S-T segment responses in patients 
with suspected peripheral vascular disease are frequently manifested 
at low levels of work load, and (3) such routine monitoring should be 
performed for patient safety. 


It is generally recognized that the most common and important form of 
occlusive peripheral arterial disease is arteriosclerosis obliterans,! and 
the frequent association of atherosclerotic involvement of the lower limbs 
and coronary artery disease has been well established. In light of the large - 
incidence of cerebrovascular disease as well as aortic involvement in 
patients with coronary artery disease, there should be little doubt that. 
the association of coronary artery and peripheral vascular disease occurs 
because the same pathologic process is involved in each. + E 
Intermittent claudication is the most characteristic symptom of ar-. 
teriosclerosis obliterans. In the Framingham study,” the clinical mani- - 
festations of coronary atherosclerosis were four times more common than _ 
intermittent claudication. The incidence of both increased with age, and 
the onset of symptoms occurred approximately 10 years earlier in men | 
than in women.?4 uU 
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TABLE | 


"Protocol for Exercise Evaluation of 
Peripheral Arterial Disease 


1. Bilateral upper and lower lim» blood pressure measurement, Doppler 
ultrasonic flow, pulse volumes and grading by palpation performed 
in resting state. 


752. Modified lead Il of electrocardiogram recorded in resting state. 


3. Treadmill testing initiated at 1.7 miles/hour (10 percent grade) and 
gradually brought up to a speed of 2. 5 miles/hour as tolerated by 
the patient. A query regarding tolerance offered every 30 seconds. 
Lead li monitored. 


: ; 4. Termination of test after appearance of limiting symptoms, abnormal 
electrocardiographic response or a maximal 5 minutes of exer- 
cise. 

5. Step t1 repeated immediately after the stress test. 


6. Modified lead Il of electrocardiogram recorded at 1, 2, 3, 4 and 5 
minutes after treadmill exercise. 








Coronary artery disease is the leading cause of mor- 
bidity and mortality in patients with occlusive periph- 
eral arterial disease. Tomatis et al. demonstrated an- 
z: giographically significant coronary artery disease in 47 
percent of 72 patients with arteriosclerosis obliterans. 
Lukasik and Liszewska-Pfejfer® recently demonstrated 
with noninvasive techniques an 18.8 percent prevalence 
rate of peripheral vascular disease in patients with 
- coronary disease. Thirty-four percent of these subjects 
did not have symptoms compatible with ischemia of the 
lower limbs. 

"With the development of refined noninvasive meth- 
ods for early detection and anatomic characterization 
of arterial occlusion, treadmill exercise protocols are 
now routinely utilized in peripheral vascular laborato- 
ries. In this study therefore we investigated prospec- 
tively the incidence of abnormal electrocardiographic 
responses in patients undergoing treadmill exercise for 
the investigation of occlusive peripheral arterial dis- 

` ease. 


Methods 


^55 Patients: Fifty consecutive patients referred to the pe- 
ripheral vascular laboratory of this hospital for the evaluation 
of peripheral arterial disease constituted the study group. 
There were 30 men and 20 women whose ages ranged from 27 
to 88 years (mean 63). They represented the total patient 
population se investigated from October 1977 to March 1978. 


TABLE il 


Prevalence of Risk Factors and Associated Disease 
- Processes or Symptoms in 50 Patients Referred for 
-Evaluation of Peripheral Arterial Circulation 








Patients ~ 
no. 96 
. Cigarette smoking 45 90 
pertension 14 28 
Diabetes mellitus 11 22 
Hyperlipidemia 3 6 
History of angina pectoris 8 16 
Prior myocardial infarction 7 14 
Previous cerebrovascular accident 5 10 
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All subjects were referred for study because of one of the fol- 
lowing complaints: exertional leg cramps or fatigue and par- 
esthesias or pallor of the pedal digits. Eleven of 50 (22 percent) 
had angiographically documented peripheral vascular disease 
and a history of prior surgical intervention for this disorder. 
All patients were questioned regarding clinical symptoms as 
well as a past or current history of smoking habits, hyper- 
tension, diabetes, hyperlipidemia, angina pectoris, myocardial 
infarction or cerebrovascular disease. 

Exercise protocol (Table I): A modified lead II electro- 
cardiogram was recorded before exercise, at the completion 
of each minute of treadmill testing and every minute from the 
1st to the 5th minute after completion of the session. Four 
patients had abnormal S-T segment changes in the 12 lead 
electrocardiogram (two with a pattern of complete left bundle 
branch block and two with a pattern of left ventricular hy- 
pertrophy and strain) and were excluded from analysis be- 
cause of repolarization alterations during exercise. 

Pulse volume recordings and systolic segmental arterial 
pressures were obtained with pneumatic cuffs applied to the 
lower limbs, which were connected to a pulse volume recorder 
tLife Sciences, Inc.}. A unidirectional Doppler transducer 
(model 802A, Parks Electronics, Inc.) emitting an ultrasonic 
frequency of 9.2 megahertz was used to assess the arterial flow 
dynamic characteristics. All measurements were obtained in 
the resting state and immediately after the patients exercised 
on the treadmill. 

The end points for testing included symptoms of lower limb 
disease, the ability to sustain exercise to a limiting grade of 
10 percent at 2.5 miles/hour for 5 minutes, and abnormal 
electrocardiographic changes; the latter included 2 mm of 
downsloping or horizental S-T segment depression, salvos of 
ventricular extrasystoles or a marked increase in the frequency 
of premature complexes over those in the control tracing. 


Results 


The prevalence of cardiovascular risk factors and the 
pertinent associated diseases or symptoms are sum- 
marized in Table II for the 50 consecutive patients re- 
ferred to our laboratory for the evaluation of vascular 
disease and in Table HH for the 32 patients (64 percent) 
found to have occlusive disease. 

Exercise results: Analysis of modified lead H of the 
electrocardiogram before, during and 1, 2, 3, 4 and 5 
minutes after treadmill exercise revealed that the total 
group of patients had a mean resting heart rate of 78 
beats/min and a mean heart rate of 106 beats/min at an 
average attained speed cf 1.9 miles/hour after a mean 


TABLE ill 


Prevalence of Risk Factors and Associated Disease 
Processes or Symptoms in 32 Patients With the 
Noninvasive Diagnosis of Occlusive Peripheral Arterial 
Disease 








Patients 

no 96 
Cigarette smoking 30 93.7 
Hypertension 14 43.3 
Diabetes mellitus 8 25 
Hypertipidemia 3 9.3 
History of angina pectoris 5 15.6 
Prior myocardial infarction 5 15.6 
Previbus cerebrovascular accident 2 6.2 
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SITTING 


FIGURE 1. Control lead il (LII) electrocardiogram. recorded during sitting 
and standing, from a 68 year old man with no history of angina pectoris 
or myocardial infarction. At 4 minutes of treadmill exercise (EX) (2.25 
miles/hour, 10 percent grade) there is S-T segment depression 
suggesting myocardial ischemia. 


exercise duration of 3.8 minutes. At this low work load, 
corresponding to approximately 63 percent of the pre- 
dicted maximal heart rate for the mean age of the group, 
13 patients (26 percent) had an abnormal electrocar- 
diographic response. Seven patients (five men and two 
women) (14 percent) manifested S-T segment depres- 
sion suggestive of myocardial ischemia" and six patients 
(four men and two women) (12 percent) manifested 
frequent premature ventricular complexes (Fig. 1 and 
2). "Frequent" was defined as a rate of occurrence ex- 
ceeding one premature complex per four sinus com- 
plexes. 

To ascertain whether peripheral vascular laboratories 
utilizing treadmill exercise protocols routinely monitor 
the electrocardiogram during testing, we forwarded a 
questionnaire to 60 institutions. Of 34 centers re- 
sponding to the inquiry, only 10 (29 percent) were re- 
cording the electrocardiograms of patients being eval- 
uated with exercise testing. 


Discussion 


The contraindications for submaximal treadmill 
stress testing in patients with suspected coronary artery 
disease have been fairly well agreed on, and only some 
of them can be recognized by means of a resting 12 lead 
electrocardiogram. Furthermore, in many instances 
termination of the test is based solely on the electro- 
cardiographic response to exercise.’ The vast majority 
of subjects undergoing noninvasive evaluation of pe- 
ripheral arterial circulation are not stressed to levels 
that approximate those utilized in submaximal exercise 
stress tests for assessing myocardial ischemia. 

Clinical implications of data: Our data indicate 
that a substantial number of patients referred to labo- 
ratories investigating the peripheral arterial circulation 
may have abnormal responses to mild degrees of exer- 
cise. These findings have both diagnostic and thera- 
peutic implications. Application of continuous elec- 
trocardiographic recording during such testing would 
appear to be useful in identifying a number of patients 
with concomitant ischemic heart disease. The 
achievement of an average heart rate of only 106 
beats/min suggests that these older patients with sus- 
pected or confirmed peripheral arterial disease may 
have a low ischemic threshold. Alternatively, such a 


( 
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FIGURE 2. Control electrocardiogram (LII) from a 68 year old man with 
occlusive peripheral arterial disease and no history of angina pectoris 
or myocardial infarction. The tracing obtained at rest shows S-T seg- 
ment and T wave abnormalities with occasional premature ventricular 
complexes. At 1 minute of exercise (1.7 miles/hour, 10 percent grade) 
salvos of extrasystoles are noted. One minute after termination of the 
test, ventricular bigeminy and paired premature complexes are re- 
corded. Five minutes after exercise there were only two premature 
ventricular complexes/min. 


heart rate may connote a fair degree of activity in a 
study group of patients who, because of their peripheral 
vascular disease, do not achieve an average exercise 
range in their daily activities. The S-T segment de- 
pression and the development of ventricular ectopy in 
26 percent of the study group provide strong evidence 
that electrocardiographic monitoring should be per- 
formed in all subjects referred for exercise evaluation 
of the peripheral arterial system. Although none of the 
50 patients had a cardiac arrest or sustained chest pain 
as a consequence of exercise, the potential for such 
events is clear. Patient safety would appear to be a 
major byproduct of exercise electrocardiographic 
monitoring in this group. 

Clinieal application: Less than one third of re- 
sponding peripheral vascular laboratories indicated that 
electrocardiographic monitoring was routinely applied 
in patients referred for the diagnosis of peripheral 
vascular disease. Universal application of such moni- 
toring would provide a fruitful area for research into the 
coexistence of ischemic heart disease and occlusive 
peripheral arterial disease. Additionally, our data imply 
that resuscitative equipment and staff members well 
versed in the management of acute cardiac emergencies 
should be used at such centers. Concomitant electro- 
cardiographic monitoring is used primarily for safety 
rather than for diagnostic purposes in these patients 
with suspected peripheral vascular disease. 

It should be appreciated by those working in pe- 
ripheral vascular disease laboratories that associated 
coronary atherosclerotic heart disease may provide the 
limiting factor in the exercise testing even though the 
patients manifest no symptoms of lower limb disease 
during exercise. Furthermore, the electrocardiographic 


changes described here are only suggestive rather than —. 


specifically diagnostic of myocardial ischemia. 
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Twenty-seven consecutive patients with chest pain and no significant 7: 


obstructive coronary lesions on arteriography were studied with thal- 


lium-201 myocardial imaging during exercise and at rest. Fifteen of the — Y 
patients had typical and 12 atypical angina pectoris. All underwent 
treadmill exercise electrocardiographic testing; the results were abnormal ^ 


in 10 patients (37 percent), normal in 14 (52 percent) and uninterpretable 


in 3 (11 percent). The exercise and resting thallium-201 myocardial im- - 
ages were normal in 23 patients (85 percent); the results of exercise — 


testing were normal in 12 of these patients, abnormal in 8 and uninter- 


pretable in 3. Four patients had a perfusion defect on exercise thallium-201 — 


myocardial imaging; the defect filled in by 4 hours in two patients but 
persisted in the other two. In contrast, when thallium-201 myocardial. - 
imaging was performed in 28 consecutive patients with angiographic 
coronary artery disease, only 5 patients (16 percent) had normal exercise 


and resting thallium-201 myocardial images. Therefore, thallium-201. : 


myocardial imaging offers a more effective means of identilying patients 
with chest pain and no obstructive coronary artery disease than the clinical 
history or the exercise electrocardiographic test, or both. However, 15 
percent of these patients will have abnormal exercise thallium-201 
myocardial images because of factors that have not yet been identi- 
fied. 


The availability of surgery for patients with coronary artery disease has 
provoked a marked increase in the use of coronary arteriography to 
evaluate these patients.! It has been suggested that this invasive tech- 
nique should be performed in every patient with clinical evidence of 
coronary artery disease.? Coronary arteriography is performed in à 
considerable number of persons with angiographically normal coronary 
arteries.’ 


To evaluate the noninvasive procedures that might best predict the ^ e 


presence of normal coronary arteries in persons with chest pain, we 
studied a group of consecutive patients with chest pain and normal 
coronary arteries. All underwent maximal exercise electrocardiographie 
testing and myocardial perfusion imaging at rest and on exercise. 


Methods 


Patients: Twenty-seven patients with chest pain and no obstructive coronary 
artery disease on coronary angiography were studied. Patients with valvular heart 
disease or cardiomyopathy were excluded. All patients underwent exercise” 
testing and myocardial imaging with thallium-201 within 72 hours of the time. 
of cardiac catheterization. Echocardiography was also performed in 23 patients; 


Fourteen patients were men and thirteen women, and their mean age was 49 


years (range 30 to 65). 


Coronary arteriography: Selective coronary arteriography on 35 mm film 
in multiple projections, using the Sones or Judkins technique, and left ventric- < 
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_ : ular angiography were performed in all patients. The results 
were reported without knowledge of the exercise test, myo- 
cardial imaging or echocardiographic findings. Patients with 

"coronary arterial narrowing ‘of 50 percent or greater of the 


^. luminal diameter were excluded. 


. Myocardial perfusion imaging: An intravenous injection 
of 1.5:mCi of thallium-201 was given at near maximal exercise, 
1 to 2 minutes before the exercise was stopped. A total of 
500,000 counts images were obtained in the anterior, 30° and 
60° left anterior oblique and left lateral projections, using an 
Ohio Nuclear Series 120 gamma camera with a high sensitivity 
collimator and set for the 69 to 80 KeV mercury X-ray pho- 
tonpeak. Images were recorded as Kodak SO-179 transpar- 
^encies directly from the gamma camera after contrast en- 
. hancement from the video display of an Ohio Nuclear Series 
* of 150 Data System. Exercise images were obtained 8 to 12 
minutes after exercise in all patients; delayed (rest) images 
"were obtained 4 hours later. Images were interpreted twice by 
one observer (SJG) without knowledge of the other clinical 
findings. Regional areas of diminished activity were graded 
from 1+ to 4+ in contrast to the area of maximal cardiac ac- 
ic tivity. Regions were classified as anterior, anteroseptal, apical, 
< lateral, inferior and posterior segments. A small band of di- 
- minished activity seen in the apical region that was not con- 
firmed in the lateral projection was assumed to be the apical 
cleft, which has been described as a normal variant.* 

Exercise test: A Quinton treadmill and Marquette elec- 

» trocardingraph for recording were used. Twelve lead electro- 
cardiograms were recorded at rest in the supine and standing 
positions and then after 30 seconds of hyperventilation. A 
Standard Bruce protocol was followed until limiting symptoms 
or 2 mm S-T segment depression appeared. After the injection 
of thallium-201 at peak exercise, exercise was continued for 
1 to 2 minutes. The 12 lead electrocardiogram and indirect 
brachial arterial blood pressure were recorded every minute 
during and after exercise until the symptoms or electrocar- 
diographic ischemic changes resolved. At this point the 

` Imaging was started. 

The criteria to interpret a test as abnormal were: the de- 
velopment of at least 1 mm of horizontal or downsloping S-T 
segment depression or at least 2 mm of upsloping S-T de- 
pression at 0.08 second after the J point of the QRS in at least 
three consecutive complexes. The tests were interpreted 
without knowledge of the patient's coronary arteriographic 
or thallium-201 imaging results. 

The echocardiograms were performed in 23 patients using 
commercially available equipment and standard tech- 
niques. 

Resuits 

Clinical features of patients: Fifteen patients (6 

men and 9'women) had a history of angina pectoris, that 
` is, chest pain provoked by exercise and relieved by rest 
or nitroglycerin. The other 12 patients (8 men and 4 


27 PATIENTS 
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women) had episodes of chest pain considered atypical 
of angina pectoris, that is, pain unrelated to exertion or 
emotions and not relieved by nitroglycerin or lasting 
longer than 30 minutes, or both. Seventeen patients 
were treated for chest pain; nitroglycerin was admin- 
istered in 4 patients, propranolol in 7 and both in 6. One 
patient received digitalis for dyspnea. 

The resting eiectrocardiogram was normal in 18 
patients. Seven patients had nonspecific S- T segment 
and T wave abnormalities, one had left bundle branch 
block and one left anterior hemiblock. No patient had 
a myocardial infarction pattern. 

In the exercise test, 14 of the 27 patients achieved the 
maximal heart rate predicted for their age and sex; 9 
patients achieved a heart rate greater than 85 percent 
of the maximal predicted rate and 4 achieved a rate of 
70 to 85 percent of the maximal predicted rate (3 of 
these were receiving propranolol). The results of the 
exercise test were normal in 14 patients, abnormal in 10 
and uninterpretable in 3 (1 patient with left bundle 
branch block, 1 with marked S-T changes on hyper- 
ventilation and 1 patient who was receiving digitalis). 
The results of the exercise test were abnormal in 10 
patients; 6 of these patients had a history of angina 
pectoris, but only 1 had chest pain during the test (Fig. 
i. 

Echocardiography was performed in 23 patients, with 
norma! results in 17. Five patients had mild left ven- 
tricular hypertrophy (posterior wall or septal thickness 
or both, of 12 to 13 mm), and one had mitral valve pro- 
lapse (late systolic hammocking). None of the six pa-- 
tients with an abnormal echocardiogram had an ab- 
normal thallium-201 image. The results of the exercise 
test were abnormal in one of the 5 patients with mild left 
ventricular hypertrophy and in the patient with mitral 
valve prolapse. 

Angiographic findings: Twenty-six patients had a 
normal left ventriculogram and 1 (the patient with left 
bundle branch block) had anterior wall asynchrony. No 
patient had angiographic evidence of mitral valve pro- 
lapse. Twenty-three patients had normal and smooth 
coronary arteries, and 2 had minimal irregularities of 
the right coronary artery. Two patients had 10 to 30 
percent obstructive lesions of the proximal left anterior 
descending coronary artery, and both had normal 
myocardial perfusion images. 

Thallium-201 imaging: When the intraobserver 
interpretations of each patient’s myocardial images 
were compared, no significant differences were found. 


FIGURE 1. Distribution of the exercise test (ET) and 
t myocardial perfusion imaging (MPI) findings among the 
X 15 patients with angina pectoris and the 12 patients with 
atypical chest pain. Abn = abnormal; N = normal. 
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TABLE | 
Abnormal Myocardial Perfusion Imaging in Four Patients With Normal Coronary Arteries* 
Case Age (yr) e i 
no. & Sex Pain ECG ET R-TI Ex-TI 
1 43M Atypical N Abn N Abn 
2 47F Angina S-T &T N N Abn 
3 58F Angina N Abn Abn Abnt 
4 46M Atypical N N Abn Abnt 





* Echocardiographic and left ventriculographic results were normal in all four patients. 
t Rest and exercise myocardial perfusion imaging was repeated 6 months later with similar findings. i 
Abn = abnormal; ECG = electrocardiogram; ET = exercise test; Ex-TI = exercise thallium-201 myocardial perfusion image; N = normal; R-TI 


= resting thallium-201 myocardial perfusion image; S-T & T = S-T segment and T wave abnormality. 


Twenty-three patients had normal resting and exercise 
thallium-201 perfusion images (Fig. 1). Two patients 
had a defect at rest that increased with exercise; in both 
patients a repeat exercise and resting thallium-201 
myocardial perfusion test was performed 6 months after 
the first test, with the same findings. In two patients, 
the resting thallium-201 image was normal, but during 
exercise, a defect was evident in the anteroseptal areas 
in both patients and also in the lateral wall in one pa- 
tient. No pattern was observed among the patients with 
an abnormal thallium-201 image; one patient had an- 
gina pectoris and abnormal exercise test results, one 
patient had angina and normal exercise test results, and 
two patients had atypical chest pain (Table I). The 
echocardiogram and left ventriculogram were normal 


in these four patients. Representative resting and ex- 
ercise electrocardiograms and thallium-201 myocardial 
image tests are shown in Figures 2, 3 and 4. 

The combination of a normal electrocardiographic 
exercise test and normal resting and exercise thal- 
lium-201 myocardial perfusion images was found in only 
12 of our patients (44 percent). This combination was 
not a better predictor of the absence of obstructive 
coronary artery disease in our patients than the isolated 
use of myocardial perfusion imaging (Fig. 5 and 6). 


Discussion 


Myocardial perfusion imaging with thallium-201 
provides a useful noninvasive method for detecting the 
distribution of myocardial blood flow.5-? Normal left 





FIGURE 2. Representative findings at rest and during exercise in a patient with normal coronary arteries and a normal electrocardiogram at rest (A), 
an abnormal exercise test (B) and normal perfusion images at rest (C) and during exercise (D). 
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FIGURE 3. Representative findings at rest and during exercise in a patient with normal coronary arteries and a normal electrocardiogram at rest 
(A), a normal exercise test (B) and inferior wall perfusion on imaging (arrows) that is borderline abnormal at rest (C) (decreased perfusion compared 
with other walls) and definitely abnormal during exercise (D). 


cfe. 


ventricular perfusion at rest has been found to be a good 
predictor of normally functioning myocardium, irre- 
spective of the presence and degree of coronary artery 
disease.? Decreased segmental concentration of thal- 
lium-201 compared with normally perfused areas during 
exercise suggests transient myocardial ischemia if no 
perfusion defect is found at rest.9!° Myocardial in- 
farction or infiltration is suggested if the defect present 
on exercise is persistent at rest.^59.1! 

Several studies found.a good correlation between 
resting and exercise myocardial perfusion imaging with 
thallium-201 and the ventriculographic and coronary 
arteriographic data in patients with coronary dis- 
ease.95.12.13 The normal subjects in these studies had 
normal rest and exercise myocardial perfusion images.® 
'The nine patients with exertional chest pain, an ab- 
normal exercise treadmill test and normal coronary 
arteries on arteriography reported on by Raphael et al.!4 
also had normal thallium-201 myocardial perfusion 
images. In patients with mitral valve prolapse and 
normal coronary angiograms, the results of rest and 
exercise scintigraphy are controversial. Although Massie 
et al.!^ and Gaffney et al.!6 reported normal stress 
thallium-201 or rubidium-81 perfusion images in 19 and 
11 patients, respectively, with mitral valve prolapse, 
Staniloff et al.!? found that 11 of their 20 patients with 
this diagnosis had abnormal thallium-201 tests. Only 





' 


one of our patients had mitral valve prolapse, and he 
had a normal perfusion image. 

Normal thallium-201 imaging as a predictor of 
absence of obstructive coronary artery disease: Our 
study demonstrates that no combination of the nonin- 
vasive tests used was more accurate in predicting the 
absence of obstructive coronary artery disease in pa- 
tients with chest pain than myocardial perfusion 
imaging alone at rest or during exercise, or both (Fig. 5 
and 6). A high incidence rate of false-positive diagnoses 
occurred with the use of clinical history of angina pec- 
toris (55 percent) and exercise treadmill tests (37 per- 
cent). The electrocardiogram was normal in 66 percent 
of these patients; however, it is well known that a normal 
eleetrocardiogram correlates well with a normal left 
ventriculogram but poorly with the absence of coronary 
artery disease.!? If myocardial infarction has occurred, 
the echocardiogram may be abnormal,? but if left 
ventricular function is preserved a normal echocardio- 
gram would be expected irrespective cf the state of the 
coronary arteries. 

Exercise myocardial perfusion imaging with thal- 
lium-201 disclosed no evidence of abnormal myocardial 
blood flow distribution in 23 of the 27 patients (85 
percent) with chest pain and normal coronary arteries. 
'The cause of abnormal myocardial perfusion imaging 
in the other four patients is unclear. No evidence of left 
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FIGURE 4. Representative findings at rest and during exercise in a patient with normal coronary arteries and a normal electrocardiogram at rest 
(A), an abnormal exercise test (B) and anteroseptal wall perfusion on imaging (arrows) that is borderline abnormal at rest (C) (decreased perfusion 
compared with other walls) and definitely abnormal during exercise (D). 
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ventricular hypertrophy or mitral valve prolapse was 
found on echocardiography, and only two patients had 
an abnormal exercise electrocardiographic test. Al- 


& _ though small inhomogeneities of thallium-201 uptake 
-> have frequently been found in normal persons, most 


investigators have not found myocardial perfusion im- 
ages that are clearly abnormal in similar patients.5.1420 
McLaughlin et al.!? noted one instance of a perfusion 
defect in an inferior segment supplied by a normal right 
coronary artery; however, that patient had significant 
obstruction of the left circumflex artery, and overlap of 
perfusion territory could have been present. Okada et 
al.?! reported that, among 11 patients with no coronary 
artery disease, 1 patient had a positive and 2 had 
equivocal thallium-201 studies. 

None of our patients had an apical perfusion defect. 
In scintigrams of dog hearts, the apex frequently ap- 
pears thinner than the rest of the myocardium, probably 
. because of the configuration of the ventricular muscle 
in the area rather than because of decreased myocardial 
.. perfusion.???? In humans, an apical cleft is considered 

, anormal finding. 

-. Significance of an abnormal perfusion image: 
The abnormal myocardial perfusion image may be a 
false finding caused by a limitation of the technique, 
such as field nonuniformity or variations of the normal 
pattern with no uniform perfusion in nonischemic seg- 
ments.?? We evaluate a uniform radioactive source daily, 
and thus field nonuniformity is unlikely. 

The abnormal myocardial perfusion image may also 
be a true finding of a perfusion deficit during exercise 


.. that does not depend on fixed coronary arterial ob- 


struction, such as inadequate segmental supply of blood, 
segmental myocardial hypertrophy or coronary arterial 
spasm. The abnormal image may also be a true finding 
indicating a misinterpretation of the coronary angio- 
grams. Our four patients with abnormal myocardial 
perfusion images had completely normal and smooth 
coronary arteries, and no vessels appeared to be missing 
or completely obstructed. Because two of these patients 
had a repeat rest and exercise myocardial perfusion 
imaging test with the same abnormal segmental findings 
as in the first test, it appears unlikely that these patients 
had coronary arterial spasm. Because Korhola et al.23 
found regional perfusion abnormalities on xenon-133 
scintigraphy in 10 of 20 patients with angina, a positive 
exercise test and normal coronary arteries, the patients 
might have had truly compromised flow rather than a 


. metabolic disorder. Future studies combining thal- 


lium-201 and xenon-133 imaging might further char- 
acterize these patients and differentiate varying ab- 
normalities in pathways of isotope uptake. 
Significance of a normal perfusion image: A 
normal exercise myocardial perfusion image does not 
automatically predict the absence of coronary artery 
disease. Sixteen percent of our patients with coronary 


disease? had normal thallium scans, whereas Bailey et 
al.5 found that 25 percent of their patients with coronary 
artery disease had normal resting and exercise myo- 
cardial perfusion imaging. More accurate myocardial 
imaging can be obtained with intracoronary labelled 
macroaggregated albumin than with thallium-201.24 It 
has been demonstrated that the sensitivity of the 
myocardial perfusion imaging test to coronary artery 
disease is directly related to the number of coronary 
vessels obstructed® and that the test is least sensitive 
to significant obstructive disease of the left circumflex 
coronary artery.!? In some patients with coronary artery 
disease, ischemia may develop with exercise in one re- 
gion and cause symptoms before ischemia occurs in a 
second region supplied by another obstructed coronary 
artery.” If the exercise is submaximal, some perfusion 
defects may be missed!; if the perfusion deficit is less 
than 45 percent of the increased perfusion of normal 
myocardium” or if the defect is small, the scan may 
&ppear normal. A uniform reduction of tracer uptake 
with severe proximal triple vessel disease could also 
explain the lack of transient segmental perfusion defects 
in some patients.26 

Clinical implications: It has been suggested that 
myocardial perfusion imaging is crucial in predicting 
the presence of coronary artery disease in asymptomatic 
individuals with ischemic S-T segment depression on 
exercise? or, in general, in aiding the differentiation of 
false-positive and false-negative exercise tests.2829 Our 
findings indicate that the exercise thallium-201 myo- 
cardial perfusion imaging test is a good noninvasive 
detector of normal corenary arteries in patients with 
chest pain. However, in testing for the presence of cor- 
onary atherosclerosis, 15 percent of the results are 
false-positive. The perfusion deficits found may reveal 
forms of ischemic heart disease other than atheroscle- 
rotic disease. This decreased specificity may be a lim- 
iting factor in evaluating a patient for coronary ath- 
erosclerosis, but if such abnormal scans can be corre- 
lated with other evidence of myocardial ischemia such 
as regional left ventricular dysfunction, the test will 
have added significance in the evaluation of patients 
with chest pain and proved normal coronary angio- 
grams. 

Addendum 

Since submission of this paper, a multicenter study 
with myocardial imaging with thallium-201 in 190 pa- 
tients with angina pectoris was published in this Journal 
(Ritchie JL, Zaret BL, Strauss HW, Pitt B, Berman DS, 
Schelbert HR, Ashburn WL, Berger HJ, Hamilton GW: 
Myocardial imaging with thallium-201: a multicenter 
study in patients with angina pectoris or acute myo- 
cardial infarction. Am J Cardiol 42:345-350, 1978). Of 
the 42 patients with no or insignificant coronary artery 
disease, 3 were thought to have definite false positive 
studies. 


References 


1. Conti CR: Coronary arteriography. Circulation 55:227-237, 
1977 

2. Pichard A: Coronary arteriography for everyone? Am J Cardiol 
38:533-535, 1976 


722 


April 1979 The American Journal of CARDIOLOGY. Volume 43 


3. Proudfit WL, Shirey EK, Sones FM: Selective cine coronary ar- 
teriography. Circulation 33:90 1-910, 1966 

4. Cook DJ, Bailey l, Strauss HW, Rouleau J, Wagner HN, Pitt B: 
Thallium-201 for myocardiai imaging: appearance of the normal 


a 


10. 


COUGH 
t2 
248. 

14. 


15. 


16. 


17. 








heart. J Nucl Med 17:583-589, 1976 


. Hamilton GW, Trobaugh GB, Ritchie JL, Williams DL, Weaver WD, 


Gould KL; Myocardial imaging with intravenously injected thal- 
tium-201 in patients with suspected coronary artery disease. Am 
J Cardiol 39:347-354, 1977 


. Bailey IK, Griffith LSC, Rouleau J, Strauss HW, Pitt B: Thallium- 
201 myocardial perfusion imaging at rest and during exercise. 


Circulation 55:79-87, 1977 


. Strauss HW, Harrison K, Langan JK, Lebowitz E, Pitt B: Thal- 


lium-201 for myocardial imaging. Circulating 51:641~655, 1975 


. Goldsmith SJ, Rudin AG, Meller J, Herman MV, Gorlin R: Irre- 


versible. perfusion deficit.in the recognition of non-contractile 
myocardial segments (abstr). Clin Res 25:510A, 1977 


. Pohost GM, Zir LM, Moore RH, McKusick KA, Guiney TE, Beller 


GA: Differentiation of transiently ischemic from infarcted myo- 
cardium by serial imaging after a single dose of thallium-201. 
Circulation 55:294-302, 1977 

Ritchie JL, Trobaugh GB, Hamilton GW, Gould KL, Narahara KA, 
Murray JA, Williams DL: Myocardial imaging with thallium-201 at 
test and during exercise, Comparison with coronary arteriography 


“and resting and stress electrocardiography. Circulation 56:66-71, 


1977 

Wackers FJ Th, Schoot JB, Sokole EB, Samson G, Niftrik GJC, 
Lie KI, Durrer D, Wellens HJJ: Non-invasive visualization of acute 
myocardial infarction in man with thallium-201. Br Heart J 37: 
741-744, 1975 

McLaughlin PR, Martin RP, Doherty P, Daspit S, Goris M, Haskell 


W, Lewis S, Kriss JP, Harrison DC: Reproducibility of thallium-201 


myocardial imaging. Circulation 55:497--503, 1977 

Ritchie JL, Zaret BL, Strauss HW, Pitt B, Berman DS, Shelbert 
HR, Ashburn WL, Hamilton GW: Myocardial imaging with thal- 
lium-201. A multicenter study in patients with angina pectoris or 
acute myocardial infarction. Am J Cardiol 42:345-350, 1978 
Raphael LD, Cowley MS, Logic JR, Gillis R, Coghlan HC: 201- 
thallium exercise myocardial scintigraphy in patients with "angina 
and normal coronary arteriograms"' (abstr). Circulation 53, 54:Supp! 
i:1-217, 1976 

Massie B, Botvinick EH, Shames D, Taradash M, Werner J, 
Schiller N: Myocardial perfusion scintigraphy in patients with mitral 
valve prolapse. Circulation 57:19-26, 1978 

Gaffney FA, Wohl AJ, Blomquist CG, Parkey RW, Willerson JT: 
Thaitium-201 myocardial perfusion studies in patients with the 
mitral valve prolapse syndrome. Am J Med 64:21-26, 1978 
Staniloff HM, Huckell VF, Morch JE, Buda AJ, Feiglin DH, Wigle 
ED, McLaughlin PR: Abnormal myocardial perfusion defects in 
patients with mitral valve prolapse and normal coronary arteries 


MYOCARDIAL IMAGING AND NORMAL CORONARY ARTERIES—MELLER ET AL 


18. 


19. 
20. 


21. 


22. 


23. 


24. 


25. 


28. 


27. 


29. 


. April 1979 The American Journal of CARDIOLOGY Volume 43 


. Botvinick EH, Taradash MR, Shames DM, Parmley WW: Thak 


{abstr). Am J Cardiol 41:433, 1978 — 
Swartz MH, Pichard AD, Meller J, Teichholz LE, Herman MV: The — 
normal electrocardiogram as a predictor of left ventricular function = 
in patients with coronary artery disease. Br Heart J 39:208-211, 0 
1977 : 
Feigenbaum H, Corya BC, Dillon JC, Weyman AE, Rasmussen: __ 
S, Black MJ, Chang S: Role of echocardiography in patients with: — 
coronary artery disease. Am J Cardiol 37:775—-786, 1976 : 
Mueller TM, Marcus ML, Ehrhardt JC, Chaudhuri T, Abboud FM: 
Limitations of thallium-201 myocardial perfusion scintigrams. 
Circulation 54:640-646, 1976 

Okada RD, Raessler KL, Woolfenden JM, Patton DD, Groves: BM, : 
Hager WD, Goldman S: Thallium-201 stress test in patients with - 
suspected coronary artery disease (abstr). Circulation 55, 56:Suppt - 
ili1i-140, 1977 

Haider B, Oldewurtel HA, Moschos CB, Regan TJ: Evaluation of - 
potassium-43 scintillation images during early myocardial ischemia 
in the animal model. Circulation 53:115-122, 1976 = 
Korhola 0, Valle M, Frick MH, Wiljasalo M, Riihimaki E: Regional 
myocardial perfusion abnormalities on xenon- 133 imaging in pa- 
tients with angina pectoris and normal coronary arteries. Am J- 
Cardiol 39:355-359, 1977 E 
Ritchie JL, Hamilton GW, Williams DL, English MT, Leibowitz E: 
Myocardial imaging with 201-thallium, Correlation with intra; — — 
coronary macroaggregated albumin imaging (abstr). Circulation - es 
51, 52:Suppl Il:1-231, 1975 2 
Borer JS, Bacharach SL, Green MV, Kent KM, Fosters SE, — 
Johnston GS: Real-time radionuclide cineangiography in the - 
noninvasive evaluation of global and regional left ventricular - 
function at rest and during exercise in patients with coronary artery. 
disease. N Engl J Med 296:839—844, 1977 TuS 
Rouleau J, Griffith L, Strauss HW, Pitt B: Detection of diffuse 
coronary artery disease by quantification of thallium-201 myo- 
cardial images (abstr). Circulation 51, 52:Suppl IEI-111, 1975 | 
Caralis DG, Kennedy HL, Balley IK, Pitt B: Thallium-201 myo. 
cardial perfusion scanning in the evaluation of asymptomatic pa- 
tients with ischemic S-T segment depression {abstr}. Am J Cardiol - 
39:320, 1977 : 




















lium-201 myocardial perfusion scintigraphy for the clinical clari- — 
fication of normal, abnormal and equivocal electrocardiographic 
stress tests. Am J Cardiol 41:43-51, 1978 
Guiney TE, Pohost GM, Beller GA, McKusick KA: Differentiating 
false positive from true positive stress tests by single dose thal- 
lium-201 stress-scanning (abstr). Am d Cardiol 39:321, 1977 ` 





7284, 





- Reproducibility of Exercise-Induced Ventricular Arrhythmia 


After Myocardial Infarction 


= MAGD! SAMI, MD, FRCP(C) 
= HELENA. KRAEMER, PhD 
ROBERT F. DeBUSK, MD, FACC 


Palo Alto, California 


From the Department of Psychiatry and the Car- 
diology Division, Stanford University School of 
Medicine, Palo Alto, California. Manuscript re- 
ceived October 10, 1978; revised manuscript 
receivec. November 28, 1978, accepted Novem- 
ber 29, 1978. This study was supported in part by 
Grant HL 18907 from the National Heart, Lung, and 
Blood institute, National institutes of Health, Be- 
thesda, Maryland and the Canacian Heart Foun- 
dation, Ottawa, Ontario, Canada. 
Address for reprints: Robert =. DeBusk, MD, 
Stanford Cardiac Rehabilitatior Program, 730 
Welch Road, Palo Alto, California 94304. 


E24 


To evaluate the reproducibility of exercise-induced ventricular arrhythmia, 
155 men with a mean age of 53 + 8 years underwent serial exercise 
testing 3 to 52 weeks after myocerdial infarction. The reproducibility of 
categorical test responses, that is, the presence or absence of ventricular 
arrhythmia, was evaluated with the kappa coefficient, which considers 
negative as well as positive test responses and expresses reproducibility 
above the chance level. Reproducibility was highest at an intertest interval 
of 1 to 5 days and was not enhanced by further categorizing premature 
ventricular complexes as simple or complex based on their frequency or 
configuration. Continuous response measures such as frequency of pre- 
mature ventricular complexes yieided higher reproducibility than cate- 
gorical responses. Continuous response measures appear preferable to 
categorical responses for evaluating the clinical significance and response 
to antiarrhythmic therapy of ventricular arrhythmias. 


Exercise testing is often used diagnostically to elicit premature ven- 
tricular complexes and to evaluate their clinical significance, including 
their response to various forms of treatment.!-*4 Recent studies!-1-14?! 
indicated that individual patients may exhibit marked spontaneous 
variability in exercise-induced ventricular arrhythmias. Although some 
of the factors responsible for this variability are due to differences in 
patient selection, other factors are inherent in the test method and can 
be modified to vield optimal reproducibility. 

The purpose of this study is twofold: (1) to evaluate the reproduc- 
ibility of exercise-induced ventricular arrhythmias using uniform, 
standardized methods to elicit premature ventricular complexes; and 
(2) to compare the effects of varicus methods used to express the re- 
producibility of exercise-induced ventricular arrhythmia. 


Methods 


Patients: One hundred and fifty-five men less than 70 years of age hospitalized 
at the Stanford Medical Center for treatment of acute myocardial infarction were 
selected for this study. Myocardial infarction was documented by a history of 
prolonged chest pain consistent with infarction, the appearance of new Q waves 
or evolutionary ST-T changes and characteristic elevation of cardiac enzymes. 
Patients with one-or more of the following characteristics 3 weeks after hospital 
admission were not included: (1) rest angina or unstable angina, (2) clinical 
congestive heart failure or the presence of a ventricular diastolic gallop, and (3) 
associated medical conditions such as significant valvular heart disease, hy- 
pertension greater than 180/100 mm Hg, or limiting pulmonary disease or 
musculoskeletal abnormalities. 

The mean age cf the population was 53 + 8 years. The infarction was inferior 
transmural in 62 percent of the patients, anterior transmural in 29 percent and 
nontransmural in 9 percent. The peak creatine kinase elevation was 872 + 692 
IU/liter and the peak serum glutamic oxaloacetic transaminase elevation 111 
+ 82 IU/liter. Within the first 5 days of hospitalization, 28 percent of the patients 
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had ventricular tachycardia or ventricular fibrillation, and 5 
percent had radiographic evidence of heart failure. Eight 
percent of the patients had a history of previous myocardial 
infarction. Twenty-five percent received antiarrhythmic 
medication at some time during the study: propranolol (25 
patients), quinidine (9 patients) or procainamide (4 patients), 
or a combination of at least two of these (9 patients). All 
medications were withheld for 16 to 24 hours before testing. 
Patients did not undergo formal exercise training during this 
study. . 

Exercise testing protocol Patients underwent serial 
treadmill exercise testing at 3, 5, 7, 9 and 11 weeks and 6 and 
12 months after myocardial infarction. Forty patients un- 
derwent two treadmill tests within 1 week at 3and 11 weeks 

after myocardial infarction. Before testing, patients were in- 
terviewed and examined by a physician, and informed consent 
was obtained. A physician or a specially trained nurse con- 
ducted the test. Exercise was performed on a motor-driven 
treadmill, using a combination of protocols described by 
‘Naughton et al.25 (Table I). Tests were performed at least 2 


_. hours after eating or smoking. Exercise began at a workload 


^. equivalent to three multiples of resting energy expenditure 
-= (METS). 

-The work load was increased every 3 minutes until any of 
the following end points appeared: (1) limiting symptoms of 
chest pain, dyspnea, fatigue, leg cramps or dizziness; (2) hy- 
potension, that is, a decrease in systolic blood pressure of 10 
mm Hg or more from the peak value attained earlier during 
éxercise; and (3) ventricular tachycardia, that is, three or more 
consecutive premature ventricular complexes. Neither the 
attainment of an age-predicted maximal heart rate nor the 
magnitude of ischemic S-T segment depression alone was used 
as an end point for the test. Twelve lead electrocardiograms 
were recorded at rest, at the end of each 3 minute stage of 
exercise and at 1, 3, 5, 7 and 10 minutes of recovery. In addi- 
tion, leads V4 to Vg were continuously displayed on a three 
channel oscilloscopic monitor and recorded on magnetic tape 
for 3 minutes before exercise and during the entire period of 
exercise and recovery. At the same time, a trained technician 
recorded, minute by minute, the premature ventricular 
complexes observed on the oscilloscope. Patients were con- 
sidered to have ischemia when 1 mm or more of S-T segment 
depression was induced by exercise. Ventricular ectopy was 
considered absent when no premature ventricular complexes 
occurred during exercise or the 10 minute recovery period. 
Ventricular ectopy was further classified as simple or complex, 
using various definitions based on the frequency and config- 
uration of premature ventricular complexes. 








TABLE i 
Treadmill Protocol 
Speed (miles/hr) Grade (%) METs 

2 0 2 
2 3.5 3 
2 7.0 4 
2 10.5 5 
2 14.0 6 
2 17.6 7 
3 12.5 8 
3 15.0 9 
3 17.5 10 
3 20.0 11 
3 22.5 12 





METs = estimated multiples of resting energy expenditure. 
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Statistical analysis: The reproducibility of categorical test - 
responses, either two category (absence versus presence).or: 
three category (absence versus simple versus complex ven- 
tricular ectopy), was measured with the kappa coefficient. - 
"This is a quantitative measure of the reproducibility of cate- 
gorical responses above the chance level.26-95 The kappa. 


coefficient varies from 0.0 (no reproducibility above the — . 


chance level) to 1.0 (perfect reproducibility).?9 » 
The utility of the kappa coefficient as a measure of test 
retest reproducibility was previously demonstrated.?728 We 
used the McNemar test?? to evaluate the change in the prev- 
alence of premature ventricular complexes from test to test. - 


The calculation of various measures used to evaluatethere- - 


producibility of two category (absence versus presence) and. 
three category (absence versus simple versus complex) re: 
sponses is shown in the Appendix. E 
Correlation coefficients were used to evaluate the repro- 
ducibility.of continuous test responses such as peak fre- 
quency and heart rate at the onset of premature ventricular 
complexes. Tests at 11 weeks and 6 months were used for such ^ 
evaluations. The peak frequency of premature ventricular 
complexes, that is, their maximal number per minute, corre- - 
lated well with the total number of premature ventricular 
complexes during the tests: In 25 randomly selected patients 
the correlation coefficient between peak frequency and total 
number of premature ventricular complexes was 0.46 (P 
<0.05). Heart rate at the onset of premature ventricular 
complexes was expressed as a percent of the age-predicted 
maximal value.?? When premature ventricular complexes were 
present at rest, the resting heart rate was used for this deter- 
mination. When premature ventricular complexes were absent 


at rest, the heart rate at the onset of ventricular ectopy during - E d 


exercise was used. When premature ventricular complexes 


were absent during all three periods of the test or appeared —— : 


only during recovery, the maximal heart rate during exercise 
was used. 


TABLE ll 


Prevalence of Exercise-Induced Premature Ventricular 
Complexes Versus Intertest interval 








Prevalence 
Sample Change, 
Intertest Size Prevalence McNemar 
interval (no.) T4 Te Test 
1-5 days 
Week 3* 37 0.32 0.43 0.90 (NS) 
Week 11* 30 0.43 0.50 0.17 (NS) 
2 weeks 
Weeks 3-5* 22 0.27 0.50 1.78 (NS) 
Weeks 5-7* 20 0.45 0.55 0.50 (NS) 
Weeks 7-9* 23 0.61 070 0.17 (NS) 
Weeks 9-11* 34 0.62 0.70 0.57 (NS) 
4 weeks 
Weeks 7-1i1* 104 0.55 0.54 0.00 (NS) 
8 weeks 
Weeks 3-11* 124 0.33 0.54 14.20 
(P «0.01) 
3 months 
Months 3-6* 135 0.52 0.52 0.00 (NS) 
Months 6-9* 71 0.52 0.59 0.64 (NS) 
Months 9—12* 59 058 0.55 0.05 (NS) 
6 months 
Months 3-9* 106 0.49 0.50 0.00 (NS) 





* Time after myocardial infarction. 


NS = probability (P) not significant; T1 = Test 1; T2 = Test 2. 
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TABLE til 























^; Reproducibility of Exercise-induced Ventricular Arrhythmia 
Sample Two Category Response Three Category Response 
intertest Size Percent Reproducibility Kappa ; Percent Reproducibility Kappa 
Interval no.) Absent PVC ^ Present PVC Coefficient Absent PVC Simple PVC — Complex PVC Coefficient , 
1-58 days : : 
Week 3* 37 72 75 0.44! 72 63 75 0.441 
Week 11* 30 76 85 0.577 76 43 83 0.51! 
2 weeks 
Weeks 3-5* 22 56 67 0.18 (NS) 56 0 100 0.26 (NS) 
Weeks 5-7* 20 82 100 0.807 82 0 57 0.437 
Weeks 7-9" 23 56 86 0.437 56 13 83 0.23 (NS) 
Cue. Weeks 9-11" 34 62 90 0.547 62 40 50 0.307 
204 weeks. : 
Weeks 7-11* 104 56 70 0.367 66 37 - 60 0:337 
(08 weeks : 
Cc Weeks 3-11* 124 58 78 0.31! 58 58 - 50 0.281 
3 months : ws 
Months 3-6". - 135 68 68 0.377 68 48 48. 034! 
Months 6-9*- 71 56 68 0.24! 56 48 c 56 0.261 
col; Months 9-12* - 89 64 65 0.327 64 44 86 0.417 
= 6 months 
. ,,Months 3-9* 106 69 69 0.38! 69 46  . 854 0.35? 





Sx Time after myocardial infarction. 
t E probabit «0:01. 
«0.05. 


s = probability not significant; PVC — premature ventricular complexes. 


Results 
Prevalence of exercise-induced ventricular ar- 
|^ rhythmia: The mean prevalence rate of exercise-in- 
-. duced ventricular arrhythmia in our study patients was 
52 percent. Table H lists the prevalence of exercise- 
induced ventricular arrhythmia at various intertest 


TABLE iV 





intervals. Except for the 3 to 11 week test pairs, the 
prevalence of premature ventricular complexes did not 
change significantly in the 1 year after infarction. Three 
to 5 weeks after infarction, the prevalence rate of pre- 
mature ventricular co mplexes nearly doubled and might 
have produced a significant McNemar test if the sample 


_ Reproducibility of Exercise-induced Ventricular Arrhythmias Using Various Definitions for Simple and Complex Premature 


Ventricular Complexes (PVC) 





Sample 


Percent Reproducibility Kappa 








Definition 


.... Simple, $3 PVC/min; 135 68 
zc complex, 23 PVC/min 


- Simple, <4 PVC/min; 135 l 68 
complex, >4 PVC/min 


“Simple, X5 PVC/min; 135 68 
complex, 75 PVC/min 


Simple, <3 PVC/min; 135 68 
complex, >3 PVC/min 
vs. Or presence of — 
=- bigeminy, couplets 
sor VT 


Size (no.) 





Simple, any no. of 135 68 
isolated PVC; 
complex, >3/min and 
presence of bigeminy, 
coupiets or VT 
oo: Simple, any no. of 135 68 
<an isolated PVC; 
complex, bigeminy 
or ccuplets or VT 





Absent PVC 


Simple PVC Complex PVC Coefficient 
47 52 0.33* 





50 47 0.33* 
54. 45 0.34* 


48 48 o; 034" 


56 44 0.34* 


59 43 0.36* 





* P xX0.01. 
Vr ventricular tachycardia. 
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7 ` versus the value at 5 weeks). No significant changes i in - 
-. maximal heart rate were noted for other intertest in- 






© ABSENT vs PRESENT - 
© ABSENT vs SIMPLE vs COMPLEX 





y = 0.53 x +1.72 
r = 0.57 (p «.001) 
n= 132 






KAPPA COEFFICIENT 





_ FREQUENCY (PVC/min); 11 WKS TEST 


M 









«41 3. a 8 2 24 
IR uM INTERTEST INTERVAL (wks) 
FIGURE 1. Reproducibility {kappa coefficient) of two category (absence 
; Versus presence) and three category (absence versus simple versus 


E complex) responses as a function of the intertest interval. wks = 
EE weeks. S 






141 x 4487 
41 (p <.001) 














reflect the inability of patients to achieve a sufficiently - 
. high heart rate at 3 weeks to disclose premature ven- 
_ tricular complexes that are evident on later testing. The 
. mean maximal heart rate achieved 3 weeks after in- 
-. farction was 112 + 11 beats/min (mean + standard de- 
. viation) compared with 123 + 18 beats/min at 5 weeks 
- (P «0.05) and 145 + 20 beats/min at 11 weeks (P «0.05 


ud 

: VE 
size had been larger. This change in prevalence may —_ n X- 
ume $= 

a. 

So 

x 









tervals: x [ ook percent of the age-predicted maximal heart _ 
The reproducibility of categorical test responses: ae and 6 Month teste p probability: WKS = 

-Table III shows the reproducibility of exercise-induced 
_ premature ventricular complexes characterized astwo _ 
or as three category responses. Only the 3 to 5 week te 
- pair failed to demonstrate a significant kappac effi- 

cient of reproducibility, reflecting in part the previous 
noted change in the prevalence of premature ventricular 
complexes. When exercise-induced - ventricular ; 
rhythmia was further classified as simple or co 
reproducibility was generally not enhanced. F 
ample, when ventricular arrhythmia was defin 
complex based on a frequency rate of 4 prem: 
ventricular complexes/min or on the presence of 
 geminy, couplets or ventricular tachycardia, the kappa 

<- coefficient was generally less than that computed for. p: 

. .two category responses at the same intertest interval - the average peak frequency per minute did not change | 
(Table III). Similarly, reproducibility was not enhanced . significantly within this interval: 7 + 9 (mean + stan- - 
when data were reanalyzed using various definitions of dard deviation) versus 5 + 9 premature ventricular 
complex ventricular ahythmias (Table IV). Multifocal lexes/min at 11 weeks and 6 months, respectively. 
configuration was not used as a criterion for complex The correlation coefficient for the heart rate at the onset. 
arrhythmia because of the difficulty of detecting it at of ventricular ectopy at 11 weeks and at 6 months was 
the relatively high rt rates noted with exercise 0.41 (P «0.001). Similarly, the average percentage o 
testing. However, i ; age-predicted heart rate at the onset of ventricular ec 
tifocal premature ventricular complexes demonstrated  - topy did not change significantly 11 weeks to 6 months 
other features of complex arrhythmias.!3! after infarction: 116 + 26 beats/min (mean + standard 
Figure 1 illustrates the effects of the intertest interval E. deviation) versus 119 + 25 beats/min. 



























cy of premature ventricular - 
weeks and at 6 months correlated sig 
(r = 0.57, P «0.001). Moreover, within the - 
atients with premature ventricular complexes, 


































— Moreover, these authors evaluated only unidirectional : 
— changes (from positive to negative), whereas we con- 
sidered bidirectional changes (from positive to negative 
and from negative to positive). 
"Use of the kappa coefficient permits evaluation of the 
"entire population. Whereas most interest in repro- * 
ducibility has focused on patients with a positive first 
test, it is often clinically important to be sure that the 
absence of ventricular ectopy is also reproducible. 
Moreover, the kappa coefficient expresses changes in 
relation to the changes expected by chance alone. A 
further advantage of the kappa coefficient is that it 
expresses reproducibility as a single number from 0 to 
Land is less cumbersome than other clinically available 
methods for expressing reproducibility. Therefore the 
kappa coefficient appears more clinically useful than 
other previously reported methods for expressing the 
reproducibility of categorical test responses. 

The reproducibility of continuous responses, that is, 
the frequency of premature ventricular complexes and 
heart rate at the onset of ventricular ectopy, was sig- 
nificant despite the relatively long intertest interval of 
3 months. Shorter intertest intervals might yield even 
higher reproducibility. DeBacker et al.!? noted a high 
correlation coefficient (r = 0.80) between the frequency 
of premature ventricular complexes in two tests 2 weeks 
apart. Sheps et al.!4 also reported a high correlation 
coefficient (r = 0.98) between the frequency of prema- 
ture ventricular complexes in two consecutive tests 45 
minutes apart. If, after test conditions are opti 
the reproducibility of ventricular arrhythmias 
population is still not satisfactory, the use of 
sample size or the pooling of multiple test results will: 
enhance the clinical reliability of exercise-induced 
premature ventricular complexes.9259 

Clinical implications: (1) The reproducibi 
... categorical responses is best esti 

-. coefficient, which considers bidirectional variations i in 
test results and expresses reproducibility above the 
chance level. The highest reproducibility is achieved at 

tively short intertest intervals, a factor that should — 
- be considered in evaluating antiarrhythmic therapy. (2) 































e further classification of categorical test responses _ | 
simple and complex categories based on the fre- _ | 


ency of premature ventricular complexes or mor- 
phology does not appear to enhance reproducibility. (3) 
For the same intertest interval, continuous response 
measures such as the frequency of premature ventric- 
mplexes or heart rate af the onset of ventricular . 






sponses. This suggests that continuous measures may | 

-be more sensitive than categorical ones and may 
complexes (greater than 7/min) higher 2. perce than therefore be a better choice for the clinical evaluation 
that of all premature ventricular complexes (82 percent) of ventricular eee 
or couplets (35 percent) or ventricular tachycardia a7 E 5 d n 
i t di j -Acknowledgment — 
d for supervising the 
reproducibility. Jelinek and Lown and DeBacker et t ding the Pi rais 
considered only patients with a positive first test, ^ to Arlisa Ferrara for computer assistance and to Dorothy 
whereas half of our patients had a negative first test. ^F r for typing the manuscript. — 













topy appear more reproducible than categoricalre-  . 


positive test result, test 1 = 12/37 


: 03 ücidénde of a positive test result, test 2 — 16/37 
70.43 ex 
“Po: test-retest agreement = (9 + 18)/37 = 0.73 
Pe chance agreement = P,P, + (1 — P1) (1 — Po) 
= (0.32) (0.43) + (1 — 0.32) (1 — 0.43) 
= 0.52 


EL = (Po - PJ/ü = P) = (073 - 0.52)/(1 — 0.52) = 





H, Pettet G, Fisher L: Quinidine 
exertional arrhythmia. Am Heart J 90:19- 








Case for Norpace (disopyramide phosphate) 


For effective control of specific ventricular arrhythmias 


MAR 


(disopyramide phosphate) 
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Results obtained in this single case history are 
typical of the overall results of the complete 
multicenter study. It is presented to demonstrate 
the means by which the study data were collected. 
This study was designed with two objectives: first, 
to reinforce the previous studies establishing the 
efficacy and safety of Norpace; second, to deter- 
mine the time of onset of antiarrhythmic activity. 
Study protocol required all patients to receive a 
300-mg loading dose. 

Since patients with arrhythmias are frequently in 
life-threatening circumstances, a loading dose was 
used in this study to provide the physician with in- 
formation that would be useful in critical situations. 
In practice, a loading dose should not be used 
unless the attending physician has determined that 
the arrhythmia observed requires rapid control, and 
patient response can be adequately monitored. 
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ive evidenee of efficacy 


Effective control of specific ventricular 
arrhythmias 

E Virtually complete suppression of ectopy after 
1 hour 53 minutes .. . with no further episodes of 
ventricular tachycardia 

E Continued efficacy over next 72 hours with 
maintenance dose of 150 mgq6h 

E Rapid onset of action 

W Antiarrhythmic activity sustained by 
maintenance dose 

E Well tolerated 

| Norpace (disopyramide phosphate) is a 
unique therapeutic agent which is indicated for 
unifocal, multifocal and paired PVCs, and for 
episodes of ventricular tachycardia 
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: The value of antiarrhythmic drugs in 
deber: sudden death in pati hts with serious ventricular $ 
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R should be reduced in patients with impaired renal or 
patic function and the electrocardiogram carefully monitored for 
ns of overdosage. : 
rhythmic drugs may be ineffective in patients with hypokalemia. 
'efore, any potassium deficit should be pia sud before instituting 
orpace therapy. 
se in Pregnancy and Lactation: Safe use in pregnancy has not. been 
established: Norpace has been reported to stimulate con: ractións of the 
The use of Norpace in pregnant women requires that 
etit be weighed against possible hazards to the fetus. 
whether disopyramide is excreted in human milk, 
However. studies in rats have shown that the concentration of 
"bra Api iÉ and iis metabolites isup to three times greater in milk 
than in plasma: If use of the drug is deemed essential, an altern 
method of infant feeding should be instituted, : 
iabor and Delivery: The eltecis of Norpace on the fetus during delivery. 
rse:of labor and delivery are unknown. : 
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recommended dosage is 100 mg every s Six hou 
~ H rapid control of arrhythmia is essential, 
-390 mg of Nerpace (200 g for patie is we 
pounds) is recommended. f : 
cardiac decompensation. a loading dose show! id nat be giver ithe > 
initial dose limited to 100 mg every six hours, with subsequent dosage 
adjustments made gradually under close monitoring, 
See current complete Hescribing: information for dosage 
recommendation: 
How Supplied: Capsules containing 100 mg or 150 mg of deipcamids 
" base. o eiiis j| b “100 capsules. 
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USA Representatives: Litton Medical Electronics : 777 Nicholas Blvd. - Elk Grove - lll. 60007 


Hellige: for innovation, BIR carrera 


SERVOMED from Helli 
advanced, safe, reliable - 
a successful monitoring philosoph 


Sure, rapid recognition of hazardous situa- 
tions with state-of-the-art electronics. Apart 
from measuring standard parameters, the 
SERVOMED patient monitoring system offers: 
@ Dysrhythmia monitoring with trend recording 
@ Continuous, non-invasive monitoring of the 
arterial pO, (tcpO,) € Neonatal respiration 
monitoring. 

The modular concept ofthe system guaran- 
tees flexibility in the design of bedside and 
central units. Economical and highly adaptable: 
@ Free interchangeability of modules @ Entire 
processing for a vital parameter is performed 
within the module. @No additional preamplifiers 
are necessary 6 Computer-compatible 6 Pace 





impulse count suppression during heart-rate 
monitoring 6 Maximum patient safety based on 
IEC, VDE and AHA regulations @ Oscilloscopes, 
memoryscopes and videoscopes provided for 
signal display 6 Easy-to-read digital displays. 
HELLIGE GMBH, Heinrich-von-Stephan-Str. 4 
D-7800 Freiburg im Breisgau (West Germany) 
Telephon (0761) 4011-1, Telex 7 72705 heli d 


HELLIGE[H 


PARTNERS IN MEDICINE 
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CPrs NEW POROUS TIP 
LEAD: THE PROBLEM SOLVER 


CPI addressed the problem of 
lead dislodgement and designed 
the problem solver: a unique 
porous electrode. The tip 
consists of a platinum-iridium 
screen covering a mesh ball of 
the same alloy. Optimally-sized 
fibers give 85-90% porosity so 
tissue ingrowth knits the tip to 
the endocardium. Within 24 
hours post-implant, the 
electrode begins its embedment. 
Clinical studies have demon- 
strated markedly reduced 
dislodgement with the porous tip 
lead. In animal trials, the 
dislodgement rate was signif- 
icantly lower than the solid tip 
control group.! 


Histologic studies show tissue 
ingrowth in the acute phase, 
resulting in a secure electrode- 
tissue bond chronically, with a 
noticeably thinner and more 
structured fibrotic capsule that 
increases sensing capability. 


For pacing the 7.5mmetip offers 
reduced current drain, increas- 
ing the longevity of constant 
voltage pulse generators. 


(©1979 Cardiac Pacemakers, Inc. 


For sensing the tip’s porosity 
allows maximum use of the 
effective sensing area—more 
than 50mm?—on exterior and 
interior surfaces. Presence of 
tissue and fluid within the tip 
reduces polarization losses. The 
electrode transmits a larger R- 
wave, So it offers a sensing 
Tel TEL Te [n 


The platinum-iridium mesh 
fibers are 25m in diameter, 
approximating cardiac cell size 
and thus minimizing tissue 
reaction.? The electrode 
becomes an integral part of the 
endocardium. Similar success 
has been experienced with 
Dacron fibers of the same size 
used in artificial heart valves. 


Biocompatible size and quick 
Stabilization mean the electrode 
causes very little endocardial 
irritation. Our histologic studies 
reveal that the fibrotic capsule 
Surrounding the porous tip is 
Significantly thinner than the 
capsule around a solid tip. The 
capsule is typically more 
structured, further indication of 
this electrode’s biocompatibility. 


Slimming the fibrotic capsule has 
significant results—the cardiac 
signal amplitude and slew rate 
remain high, so the lead senses 
reliably in the chronic phase. 


Low Dislodgement Rate. 
Efficient Sensing and 
Pacing...the Problem 
Solver from CPI. 





Shown 24 hours post-impiant, a cross- 
secticnal 100X magnification of the 
porous tip-canine tissue interface. A 
fibrinoid collagen capsule has pene- 
trated the outer lattice. Optimally 
spaced platinum-iridium fibers have 
allowed electrode ingrowth to begin. 


| mont i m 
C. owes 


Shown five months post-implant, a 
cross sectional 100X magnification of 
the porous tip-canine tissue interface. 
Denseconnective tissue has penetrated 
the intraelectrode spaces. The fibrotic 
capsuie measures about 300 microns i 
thickness. 





CPI POROUS TIP ENDOCARDIAL 
LEADS Models 4115, 4116 and 
4117 are available in 52, 59 and 
85 cm lengths, respectively. All 
are unipolar, with double-wound 
conductors of corrosion 
resistant MP35N nickel alloy. 
Silicone rubber sheaths the 
conductors and ends in a flange 
behind the porous platinum- 
iridium tip. The outer screen of 
fibers 40um in diameter secures 
the electrode mechanically and 


assures less traumatic bonding 
with endocardial tissue. Fibers 
of the interior mesh are 25um in 
diameter to reduce tissue 
reaction and promote sensing. 
The unique porous tip is 
constructed by an advanced 
bonding technique, which fuses 
the wire bonds and maintains the 
integrity of the platinum-iridium 
electrode without compromising 
the random configuration. 


Cardiac Pacemakers, Inc 

4100 North Hamline Avenue 

P.O. Box 43079 

St. Paul, Minnesota 55164, U.S.A 


INVOLVED IN MANKIND 


1. Amundson, D., McArthur, W., Mosharraf 
M.: The porous endocardial electrode, PACE 
2: January-February, 1979. 


2. Coleman, D., King, R. and Andrade, J.: 
The foreign body reaction: A chronic 
inflammatory response, J. BIOMED. MAT 
RES., 8:199, 1974 
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We've put. 
pressure on 


ae 


- and more, to give you the latest in state-of-the-heart monitoring. 


A new Holter Monitor—the Model 447 Electro- 
cardiocorder® records not only two leads of ECG 
data, but also up to 200 blood pressure readings 
from our Pressurometer® II, and encodes on tape, 
in digital format, the exact time of day throughout 
the 24-hour monitoring period. 


Our other new Electrocardiocorder—the multi- 
channel Model 448, is dedicated to recording and 
time-correlating implanted pacemaker pulses to the 
patient's ambulatory electrocardiogram. The 448 is 
the first Holter Monitor developed solely for the 
assessment of pacemaker function. 


Itsonly natural Del Mar Avionics is first to offer 
you these diagnostic tools. We were first to develop 
practical ambulatory ECG recorders, first to utilize 
2-channel recording, and first to offer 24 hours of 
continuous ECG information. After all, 

Holter Monitoring? is our trademark. 


But, this is only half the story. 


ATLANTA (404) 952-0612 
BALTIMORE (301) 265-1320 
BOSTON (617) 942-0230 
CHARLOTTE (704) 373-1206 
CHICAGO (312) 956-6520 
CINCINNATI (513) 874-8600 
CLEVELAND (216) 886-4063 
DALLAS (214) 350-5881 
DENVER (303) 344-5101 
DETROIT (313) 559-6863 
HOUSTON (713) 692-3122 
IRVINE (Home Office) (714) 549-1500 
KANSAS CITY (816) 373-1117 
LONG ISLAND (516) 482-7690 
LOS ANGELES (213) 640-2282 
MIAMI (305) 981-0405 
MINNEAPOLIS (612) 854-8726 
NEW ORLEANS (504) 837-7510 
NEW YORK (203) 966-4560 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 
PITTSBURGH (412) 344-4484 
ROCHESTER (716) 328-2660 
SAN DIEGO (714) 225-0465 
SAN FRANCISCO (415) 349-9102 
SEATTLE (206) 246-4430 

ST. LOUIS (314) 739-8151 
TAMPA (813) 879-8280 
EUROPE 720-7405 Telex 61791 
AVONIX B (Brussels, Belgium) 
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For more information, or a demonstration, just fill in the coupon below. 


The other half is our new Model 660B Electro- 
cardioscanner?. Thread the tape, press a button and 
the 660B scans 24 hours of ECG and blood pressure 
information in 12 minutes, decoding the exact time 
of day directly from the tape. VE and SVE beats, 
heart rates, ST segment levels, and systolic/diastolic 
blood pressures are automatically categorized, 
quantified, and documented on a compre- 

hensive trend chart. 

With the trend chart completed, the 660B auto- 
matically rewinds and searches out abnormalities at 
120-times real-time. U pon recognition, it precisely 
charts the abnormality, in real-time, with the 

exact time of occurrence. 

You might think such advancements in "state-of- 
the-heart monitoring" would obsolete your current 
equipment. Not so! The 660B scans and analyzes 
recordings made on any Del Mar Avionics Electro- 
cardiocorder. And, your Model 660 or 660A 

can easily be updated to a 660B. 

With all these innovations, putting the pressure 

on is our way of being first. At Del Mar Avionics, 
being the first 
has kept us first. 








O 447 O 448 El Par O 660B 
Name 
Address 
City State Zip 








DEL MAR AVIONICS 


1601 Alton Avenue at Redhill, Irvine, CA 92714, (714) 549-1500 
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AMERICAN COLLEGE OF CARDIOLOGY 


RENE i Announces Travel Plans to 
Vil ASIAN-PACIFIC CONGRESS OF CARDIOLOGY 
BANGKOK, THAILAND 
November 25-30, 1979 





For Information write to: 

Janet Layne 

American College of Cardiology 

9111 Old Georgetown Road 

Bethesda, Maryland 20014 7 
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Of course, all patients will benefit by our standard features: 
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. ” CORPORATION 


... NOT JUST RESTING ON ONE. 


Superior R-wave sensitivity 

Patented fleximount monolithic terminal/feed-through 
for maximum EMI protection and hermetic integrity 
Discrete circuitry for proven maximum reliability 
Stable demand rate 

Clear early warning of EOL 

Uses all popular leads directly 

Cbnfigured to minimize risk of muscle stimulation 


AT APC WE'RE BUILDING A GREAT REPUTATION 





PaCeMaker 10 sonar Drive, Woburn, MA 01801 Telephone 617 933-8980 





oad 


: Inner-View No. 3 





x A continuing educational series in Nuclear Cardiology 


The interview excerpted here was 
conducted with Gerald S. Johnston, 
M.D., Chief of Nuclear Medicine, 
Clinical Center of the National 
RA Institutes of Health, Washington, D.C. 





Q. Dr. Johnston, what observations have come from 
N.I.H. work with multiple gated blood pool studies? 


A. The equilibrium method is a much more reliable test 
than the traditional ECG method. Patients with 
forms of aortic stenosis, whose resting ejection 
fractions are higher than normal, experience a drop in 
ejection fraction during exercise. Following correction 
of the stenotic lesion, the ejection fraction rises. With 
exercise there is an improvement in the ejection 
fraction of patients who have had coronary bypass 
surgery, indicating that patients can benefit from this 
operation. Studying patients with aortic insufficiency 
has provided some hope that the nuclear method may 
be helpful in selecting the optimal time for valvular 
replacement. 


Q. Comparing multiple gated studies with thallium 
studies, which in your opinion are easiest to interpret? 


A. They are both relatively easy to interpret once the 
observer has had some experience with them. Because 
the thallium studies are stationary studies, the 
subtleties of a very minor lesion might escape you. 
Because the wall is moving in an equilibrium study, 
you should be able to pick up very subtle lesions. 
Therefore, either would be relatively easy to interpret, 
but probably the equilibrium study would be the 
easiest. 


Q. Which of the two studies yields the most diagnostic 
information? 


A. The equilibrium study gives you more information. 
The thallium study will show a wall defect if there is 
an infarct or marked ischemia. However, deficiencies 
in coronary flow are a bit harder to pick up where 
myocardial function is still intact. When comparing a 
rest and exercise equilibrium study, slight 
abnormalities can be readily observed. 


Q. What particular advantages do nuclear cardiology 
studies have over other methods in the evaluation of 
heart disease? 


A. These procedures are less invasive and provide global 
and regional functional information. Contrast studies 
are more invasive. In addition, a significant amount 
of radiation is required for contrast studies so that 
repeating them is not taken lightly. Once the initial 


baseline nuclear cardiology information is obtained 
from a patient, one would then be in a position to 
follow the patient's status and see if he was improving 
as a result of treatment. This is one of. the big 
advantages of these methods, particularly the 
equilibrium approach. 


. In your research, how do these tests correlate with 


cineangiography? 


- We find that the nuclear cardiology data correlates 


very well with coronary catheterization and contrast 
angiography data. The three dimensional nuclear data 
gives us an edge over contrast angiography's two- 
dimensional view. In all probability, nuclear 
cardiology studies will become the standard with 
which to judge contrast angiography. 


. As you look to the future, is nuclear cardiology going 


to become the primary diagnostic method in cardiac 
disorders? 


A. When you are involved with nuclear cardiology, it 


seems like that may well be the case. A considerable 
amount of effort is going into simplifying the 
computerized aspects of nuclear cardiology as well as 
improving the detector devices. However, considering 
the large amount of information gained in exchange 
for the small dose of radiation that is involved in this 
method, I think that nuclear cardiology has the 
potential of being one of the primary methods used in 
cardiology. 


For the complete transcript of this interview with 
Dr.Johnston, write Inner-View, General Electric 
Company, Medical Systems Division, P.O. Box 414 
(Mail Code W-504), Milwaukee, WI 53201. 


General Electric Medical Systems, Milwaukee, 
Toronto, Madrid. 
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THE 
PRE-EXCITATION SYNDROME: 
FACTS AND THEORIES 


LIBI SHERF, MD 
HENRY N. NEUFELD, MD 


Announcing: 
the first comprehensive study of... 
the most fascinating syndrome 

in Cardiology... 


THE 


PRE-EXCITATION SYNDROME: 


FACTS AND THEORIES 
Libi Sherf, MD, FACC 


Assoc. Professor of Cardiology, Heart Institute. Chaim Sheba Medical Center, Tel 
Hashomer, Univer. of Tel Aviv—Sackler School of Medicine, and Visiting Assoc 
Professor, Dept. of Medicine, University of Alabama 
Henry N. Neufeld, MD, FACC 

YORKE MEDICAL. BOOKS Professor of Medicine and Chaim Sheba Professor of Cardiology, Chief Heart 
Institute, Chaim Sheba Medical Center, Tel-Hashomer, University of Tel 





Aviv—Sackler School of Medicine 


$33.00 SEPTEMBER 1978, 288 PAGES, 110 ILLUS, 1,000 REF. 


Every Cardiologist, Internist, Pediatrician, Surgeon — Indeed, Every Physi- 
cian — Should Have a Good Basic Knowledge of The Pre-excitation Syn- 
drome. Here Are Just a Few Reasons Why This is so Essential: 


Y3 of all pre-excitation cases are misdiagnosed. 

5% to 10% of all tachycardias in adults are produced by pre-excitation. 
In ¥2 of all infants under 10 months of age with life-threatening tachycar- 
dias, the tachycardias are actually secondary to pre-excitation. 

Y to Ve of all children with pre-excitation have an additional heart dis- 
ease. 


Starting with Wolff, Parkinson and White's classic paper, this book gives a 
comprehensive summary of all important facts of pre-excitation, plus the 
authors personal experiences of follow-up studies of patients through 
many decades. It also brings a broad view of the literature and discusses 
the different structural and physiological aspects which form the 
pathomechanism of pre-excitation. 


"What is offered richly in this book is a methodical and comprehensive analysis of 
virtually all currently available knowledge on the subject. This is done with an admirable 
even-handedness, dealing objectively with all viewpoints but at the same time eval- 
uating relative strengths and weaknesses of each observation and hypothesis. There is 
brought a wisdom here which only time and experience can provide. The encyclopedic 
references alone would make the book invaluable to anyone seriously interested in the 
Wolff-Parkinson-White syndrome. But when knowledgeable discussion and personal 
observations are added, it is genuinely a monumental contribution to clinical cardiology 
and cardiac electrophysiology. " 





The 13 Chapters Are a Comprehensive Summary 
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General Considerations 
The Electrocardiogram in the Pre-excitation 
Syndrome: Complexes and Configurations 


. The Electrocardiogram in the Pre-excitation 


Syndrome: Disturbances of Rate and Rhythm 


. Pathology 

. Noninvasive Methods of investigation 

. Invasive Methods of Investigation 

. Prognosis 

. Treatment 

. Problems of Diagnosis — Some Illustrative 


Cases 


. Summary of Findings and Theories of Pre- 


excitation Syndrome 


. Concept of Interacting Structural and Func- 


tional Factors 


. Explanation of Some Phenomena of the Pre- 


excitation Syndrome by the Proposed Concept 


. Various QRS Patterns in the Different Forms 


of Pre-excitation 


Obtain your copy of 
THE PRE-EXCITATION SYNDROME 
on approval for 30 days 
by sending in 

the order form TODAY 








AJC-4/79 


O Bill me plus cost of shipping 


O Payment enclosed, publisher pays for shipping 


O Charge my credit card Expire date 


O MasterCharge 
Card No. 


New York residents add sales tax O 
U.S. funds or charge to credit card a 


Yorke Medical Books 
666 FIFTH AVENUE, NEW YORK, N.Y. 10019 


Please send me a copy of THE PRE-EXCITATION SYN- NAME 

DROME at $33.00. | may use the book for 30 days and if 

not completely satisfied, return it for full credit or refund. ADDRESS: 
CITY 











Visa 














dd $5.00 per copy 
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An immedi. te way to luo 


Throughout the world, more and 
more Cardiologists are turning to 
Picker Echocardiographic Systems 
80C and 80C! for a fast, real time 
look at the heart and many of its 
problems. 


Take a good look — first. 

System 80C gives you the 
M-mode strip chart data and 
measurements you need immedi- 
ately. And, System 80CI, our 
Cardiac Imager, gives you a real 
time, two-dimensional look at 
many problem areas of the heart. 
Its images, or scans, are clear, 
sharp, intense. In many cases, they 
lead to an immediate and accurate 
diagnosis, sparing your patient 
other expensive and more trying 
modes of investigation. 
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Fii it 
MITRAL STENOSIS 48 yr. old male. Hemiaxial view from the apex 


MITRAL STENOSIS — Mitral valve orifice measuring 1.0 cm? Transverse-short axis view 


A broad sweep. 

Picker Echocardiographic scans can reveal e wide range of heart 
dysfunctions, such as: bacterial endocarditis, atrial and ventricular 
tumors, dissection of the aorta, aortic and mitral valve stenosis, 
pericardial effusion, newborn anomalies, ventricular aneurism, and 
ascending aorta aneurism. Diagnostic data, including ECG, phono- 
cardiogram and carotid or apex pulse, are recorded on strip charts. 
Real time images can be filmed and even recorded on videotape 
cassettes, for storage, study, consultation and teaching. 






the it dysfunction 


looking into. 


We're committed to 
Cardiology and 
cost containment. 

Our Systems 80C and 80CI were 
designed after prolonged con- 
sultation with leading Cardiologists. 
The images they produce are 
superior to scans from instruments 
costing twice or triple the price of a 
Picker system. Because our systems 
are modular you can acquire Picker 
Ultrasound instruments in stages, 
or have them created to your 
express needs right away. And, as 
Picker continues to innovate new 
improvements, your system will be 
upgradable. For more information 
on our echocardiographic systems 
or our CIT Financial Corporation 
services for financing your Picker 
investment, write Picker Corporation, 
12 Clintonville Road, Northford, CT 
06472 (203/484-2711) or Picker 
International, 595 Miner Road, 
Cleveland, OH 44143. 
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Courtesy of The Heart Center, Providence Medical Center, Seattle, Washington 





Nuclear 
Cardiology: 
Now Available, 


a complete 
up-date 


As a clinician whose practice involves cardiovascular dis- 
ease, you now have at your disposal a number of new diagnostic 
techniques employing nuclear cardiology — among them the 
use of imaging and radionuclides. With the recent growth of 
this rapidly developing field, you need a comprehensive and 
up-to-date assessment and guide to those techniques. That is 
precisely what is now available, and it features chapters by the 
leading authorities in the field. 
NUCLEAR CARDIOLOGY, 
Quest edited by James T. 
Willerson, MD, Professor of 
Medicine, and Director of 
the Cardiology Division, 
University of Texas, South- 
western Medical School, 
Dallas, Texas. with 22 addi- 
tional contributors. Order 
#9329-X. About 305 pp. 
100 figs. About $35.00 
Ready April 1979. 

This latest addition to the Cardiovascular Clinic Series — Vol. 
10, Number 2 — makes available in one book a comprehen- 
sive review of up-to-date nuclear cardiology techniques, their 
capabilities and limitations. Dr. Willerson explores in detail the 
recent advances in the field and demonstrates how many of 
the techniques are of invaluable help to you, the clinician. 

You will particularly appreciate the extensive treatment of the 
radionuclide imaging of acute myocardial infarcts and coro- 
nary artery disease, and the radionuclide characterization of 
ventricular function. 








NUCLEAR CARDIOLOGY is a vitally important addition to the 
Cardiovascular Clinics and will be valued in your cardiology 
reference library. 

Contents include: e Past, Present and Future of Nuclear Car- 
diology € Physics and Physiology of Nuclear Cardiology e 
Scintigraphic Evaluation of Left Ventricular Function e Nonin- 
vasive Radionuclide Assessment of Right Ventricular Perform- 
ance in Man è Pathophysi- 
ology of "Cold Spot" and 
"Hot Spot” Myocardial Im- 
aging Agents Used to 
Detect Ischemia or Infarc- 
tion * Clinical Applica- 
tions of Myocardial Imag- 
ing with Thallium-201 e 
Technetium-99m  Stannous 
Pyrophosphate "Hot Spot” 
Imaging to Detect Acute 
Myocardial Infarcts e The 
Role of Radionuclide Tech- 
niques in Patients with Myocardial Disease e Fatty Acid 
Uptake and "Metabolic Imaging" of the Heart e Radionuclide 
Assessment of Myocardial and Pulmonary Blood Flow e 
133Xenon Measurement of Coronary Blood Flow e Radioactive 
Particle Imaging of Coronary Blood Flow Distribution e Radio- 
nuclide Studies in Patients with Congenital Heart Disease e 
Computed Tomography: Imaging the Heart 

Albert N. Brest, MD. Ecitor-in-Chief of the Cardiovascular 
Clinics Series 


EXAMINE THESE BOOKS, FREE, FOR 30 DAYS. FILL IN AND MAIL THIS COUPON TO F.A. DAVIS 
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Please senc me a copy of 49329-X Willerson: 
NUCLEAR CARDIOLOGY on 30-day approval. 
Also send the volumes | have checked below. 


[O CONGENITAL HEART DISEASE by Roberts, WC 


561 po/330 illus./54 tables Approx. $35.00 








(J EXERCISE AND THE HEART by Wenger, NK. 246 pp/75 illus. (1978) $35.00 
L] STRESS TESTING PRINCIPLES AND PRACTICE by Ellestad, MH 

296 pp/ 170 illus. $22.00 
O ESSENTIALS OF PEDIATRIC CARDIOLOGY by Moller, JH 

202 pp/illustd. (1978) $ 9.95 
O CLINICAL ECHOCARDIOGRAPHY by Kotler, MN.and Segal, BL 

361 pp/219 illus. (1978) 5 $35.00 
O HYPERTENSION: MECHANISMS, DIAGNOSIS AND TREATMENT 

by Onesti, Gand Brest, AN. 333 pp/ 122 illus./32 tables (1978) $35.00 
O CLINICAL ELECTROCARDIOGRAPHIC CORRELATIONS by Rios, JC 

318 pp/133 illus. (1977) $35.00 
[O CORONARY BYPASS SURGERY by Rahimtoola, SH. 287 pp/143 illus 

(1977) $35.00 
[] CONTROVERSIES IN CARDIOLOGY by Corday, E. 331 pp/illustd 

(1977) $35.00 
[] PERICARDIAL DISEASES by Spodick, DH. 297 pp/142 illus $32.00 
[C INNOVATIONS IN THE DIAGNOSIS AND MANAGEMENT OF ACUTE 

MYOCARDIAL INFARCTION edited by Brest, AN, Wiener, L, Chung, 

EK.and Kasparian, H. 325 pp/124 figs $32.00 
(] CLEVELAND CLINIC CARDIOVASCULAR CONSULTATIONS edited by 

Vidt, DG. 212 pp/illustd $23.00 
(J DIAGNOSTIC METHODS IN CARDIOLOGY, Guest Editor: Fowler, NO 

455 pp/338 figs. $35.00 
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-] 
O CARDIOVASCULAR DRUG THERAPY, Guest Editor. Melmon. KL 
274 pp/illustd. $18.75 
[O COMPLEX ELECTROCARDIOGRAFHY 2, Guest Editor Fisch, C 
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Echocardiographic studies were performed in 100 patients from a general 
population with cardiac disease and in 33 patients with classic hyper- 
trophic obstructive cardiomyopathy and 116 of their first degree relatives. - 
The findings were compared with those in 35 normal persons, The prev- 
alence rate of asymmetric septal hypertrophy (ventricular septal to free - 
posterior wall ratio greater than 1.3) was 8 percent in the general popu 
lation with heart disease. No further clinical or echocardiographic evi- 
dence was found for a familial disease. The ventricular septal to free 
posterior wall ratios for this group and the normal subjects had a unimodal _ 
distribution curve. All patients with hypertrophic obstructive cardiomy-_ 
opathy demonstrated asymmetric septal hypertrophy, a decreased systolic 
septal thickening of less than 25 percent and a characteristic left ven- 
tricular shape in the cross-sectional echocardiogram. The ventricular —__ 
septal to posterior wall ratios in their 116 relatives had a bimodal distri- — 
bution curve; in 35 relatives the ratio indicated asymmetric septal hy- — — 
pertrophy and in 81 the ratio was normal. In addition, all 35 relatives with — 
echocardiographic evidence of asymmetric septal hypertrophy had de- — 
creased systolic septal thickening (less than 25 percent) and in 17 the a 
echocardiographic left ventricular shape was similar to that in patients RE 
with hypertrophic obstructive cardiomyopathy. in contrast, the 81 relatives 
who had no asymmetric septal hypertrophy had normal systolic septal - e 
thickening and a normal left ventricular shape. The clinical examination, — 
electrocardiogram and chest X-ray film were less sensitive than the __ 
echocardiogram in detecting diagnostic abnormalities in the 35 relatives = 
with asymmetric septal hypertrophy. : 

it is concluded that echocardiographically assessed asymmetric septal — 
hypertrophy can be considered the anatomic marker for hypertrophic 
cardiomyopathy only when, in addition, a decreased systolic septal - 
thickening and, to a lesser degree, an abnormal left ventricular shape are 
present. The asymmetric septal hypertrophy in these cases probably = 
represents the anatomic expression of a genetic defect thathas an au- 
tosomal dominant pattern of inheritance. In so-called “borderline” cases - 
with echocardiographic signs of an abnormal ventricular septal to posterior 
wall ratio, a definitive clinical diagnosis of hypertrophic cardiomyopathy 
could be made only after echocardiographic screening of family members 
for the presence of asymmetric septal hypertrophy. 


















Echocardiographic studies in first degree relatives of patients with 
proved symptomatic hypertrophic obstructive cardiomyopathy! orid- 
iopathic hypertrophic subaortic stenosis? have shown that the disease 
is genetically transmitted." In these studies, asymmetric septal hy- 
pertrophy detected on echocardiography was used as the anatomic 
marker to establish the presence of this primarily muscular disorder. 
However, echocardiographically determined disproportionate septa 
hypertrophy has been documented in infants with congenital heart — 
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disease? and in adults with valvular heart disease? with 
no evidence of hypertrophic cardiomyopathy. There- 
fore, it seems important to distinguish between asym- 
metric septal hypertrophy as a primary ("genetic") 
abnormality and disproportionate septal thickening, 
which can be present on echocardiography as a secon- 
dary phenomenon in response to hemodynamic ab- 
normalities. 

Earlier work from this laboratory had indicated that 
asymmetric septal hypertrophy is a familial disease 
genetically transmitted by an autosomal dominant trait. 
We undertook this study to determine whether echo- 
cardiographically detected asymmetric septal hyper- 
trophy is indeed a specific disease entity whose findings 
can be distinguished from those in the general popula- 
tion with heart disease or in apparently normal per- 
sons. 


Methods 


Selection of Patients 

Four groups of patients were compared with a group of 
healthy persons who served as control subjects. The five 
groups were constituted as follows: 

Normal persons: The 35 persons in the control group had 
no history of heart disease and had normal findings on phys- 
ical examination, electrocardiogram and posteroanterior chest 
X-ray film. 

General population with heart disease: The 100 patients 
in the group underwent complete hemodynamic evaluation 
for diagnosis of cardiac disease. Right and left heart cathe- 
terization was followed by single plane left ventriculography 
(right anterior oblique projection). Twenty-nine patients had 
coronary artery disease, 18 mitral valve disease, 16 congenital 
heart disease and 7 minimal heart disease. Fifty-nine were 
male and 41 female (mean age [+ standard error or the mean] 
41 + 15 years). 





ECG 





Hypertrophie obstructive cardiomyopathy: Thirty- 
three patients (13 male and 20 female; mean age 42 + 14 years) 
had hemodynamic (21 patients) and echocardiographic (33 
patients) proof of hypertrophic obstructive cardiomyopathy. 
Diagnosis in the 12 patients who did not undergo cardiac 
catheterization was based on characteristic clinical findings, . 
family history and electrocardiographic, phonocardiographic 
and mechanocardiographic findings. 

Family members with asymmetric septal hypertrophy: 
"There were 35 first degree relatives of patients with proved 
hypertrophic obstructive cardiomyopathy (19 male, 16 female; 
mean age 36 + 4 years) who had unequivocal echocardio- 
graphic evidence of asymmetric septal hypertrophy. These 
patients were identified when 116 available first degree rela- 
tives of patients with proved hypertrophic obstructive car- 
diomyopathy were screened for presence of the disease on the 
basis of history, physical examination, electrocardiogram, 
chest X-ray film and M mode and cross-sectional echocardi- 
ograms. 

Family members without asymmetric septal hyper- 
trophy: Eighty-one first degree relatives of patients with 
proved hypertrophic obstructive cardiomyopathy (36 male, 
45 female; mean age 28 + 12 years) underwent the same 
screening procedure but had no echocardiographic evidence 
of asymmetric septal hypertrophy. 


Echocardiography 

Measurements: The echocardiograms were obtained with 
a commercially available apparatus that included single ele- 
ment and multi-element equipment with real time two di- 
mensional display facilities. The M mode echocardiograms 
were recorded with a Honeywell linescan recorder (Visicorder 
1856) on light-sensitive Kodak linagraph paper. The two di- 
mensional images were registered on videotape through a 
videorecorder (Sony V-12). During examination the position 
of the patients was changed until the best resolution of the 
interventricular septum was obtained. Several M mode scans 
were recorded, starting with the transducer perpendicular to 


FIGURE 1. M mode echocardiogram of interventricular septum (IVS) and left ventrícular posterior wal! (LVPW). Measurements for thickness at 
end-diastole and end-systole are shown (see arrows). For further explanation see text. ECG = electrocardiogram: LV = left ventricle; RV = right 


ventricle. 


. 


732 April 1979 The American Journal of CARDIOLOGY Volume 43 


the chest wall until the interventricular septum and posterior 
wall could be clearly identified. Gain settings were contin- 
- uously adjusted to obtain best visualization of both the in- 
terventricular septum and left ventricular posterior wall at 
a level just beneath the tips of the mitral valve leaflets (Fig. 
1k 

The thickness of the interventricular septum and the left 


Ccogentricular posterior wall was measured just after the P wave 


'of the simultaneously recorded electrocardiogram for end- 
diastole (Td). The largest dimension was taken to represent 
end-systole (Ts). Fractional thickening of both the interven- 

- tricular septum and left ventricular posterior wall was cal- 

culated as Ts — Td/Td x 100 percent.’ The two dimensional 

- images were performed in a sagittal plane following the long 
axis of the left ventricle.? 

During subsequent analysis, left ventricular shape and the 
contraction pattern of both the interventricular septum and 
left ventricular posterior wall (akinetic, normal or hyperki- 
netic) were described qualitatively. Derived measurements 

- consisted of interventricular septum/left ventricular posterior 
"wall ratio and percent systolic septal thickening. Asymmetric 
“septal hypertrophy was considered present when the septal 


- thickness exceeded the left ventricular posterior wall thickness 


by 30 percent.? 
-> Validity of echocardiographic measurements: Before 
the study we attempted to determine the validity of the 
echocardiographic measurements of wall thickness in our 
- laboratory. We studied 23 unselected patients who were re- 
-ferred to our laboratory for a variety of cardiac diagnoses 
"during à 3 month period. To improve detection of the right 
- septal endocardium, which can sometimes be confused with 
parts of the tricuspid apparatus, 10 cc of saline solution was 
injected into a peripheral vein (echo contrast agent).!? Du- 
plicate measurements of septal thickness were made inde- 
pendently by two observers for the echocardiogram with and 
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without the echo contrast agent. This procedure allows de- 


termination of the difference between each pair of measure |. 


ments and calculation of standard deviations (Table I). 


The results showed that the standard deviation of thedif- —. 
ference between duplicate measurements of the two observers. 


(interobserver variability) was 1.23 and 1.01 mm, respectively, 
when an echo contrast agent was used, whereas these values 
were 0.94 and 1.48 mm, respectively, for the duplicate mea- 
surements made without a contrast agent. These values are. -- 
in the range of the axial resolution of ultrasound in human ^ 
tissue. Therefore it appears that although the use of an echo 
contrast agent can clarify the diagnosis in some borderline... 
cases, it does not increase the accuracy of septal measure- —— 
ments. ES 
Analysis of data: The Student ¢ test for independent ob- 


servations was used to determine the statistical significance _ 
of differences between measurements.!! All measurements __ 


were carried out in duplicate by two independent observ- 
ers. : 


Results T 

Normal persons and patients from the general 
population with heart disease: The distribution ofthe __ 
ventricular septal/left ventricular posterior wall ratios 
of the persons studied are shown in Figures 2 and 3. __ 
These ratios present a unimodal distribution curve in 
the normal subjects and patients from the general 
population with heart disease, having a mean value of 
0.9 + 0.1 and 1.0 + 0.1, respectively. 

Eight of the 100 patients (8 percent) from the general 
population with heart disease had a ratio that exceeded 
1.3; 3 of these had coronary artery disease, 2 aortic valve 
disease and 3 congenital heart disease. Of these eight, 
one patient with coronary artery disease and a true- 





Results of Duplicate Echocardiographic Measurements of the Interventricular Septum (IVS) by Two Observers With and 
Without Echo Cardiographic Contrast Agent in 20 Unselected Patients With a Variety of Cardiac Diagnoses 





























IVS Thickness (mm) 
Case With Contrast Without Contrast 
no. Observer | Observer Il Observer | Observer Il 
1 10 (11) 10 (10) 1101) 1101) 
2 10 (12) 12 (11) 10 (10) 8( 8) 
3 12 (14) 13 (12) 9( 9) 9( 9) 
4 12 (12) 11(12) 10 (10) 8( 8) 
5 15 (19) 19 (17) 12 (12) 13 (13) 
6 13 (11) 12 (13) 10 (10) 1101) 
7 16 (15) 17 (16) 14 (14) 16 (16) 
8 25 (24) 23 (22) 25 (25) 24 (25) 
9 12 (13) 13 (11) 11 (10) 13 (13) 
10 10 (10) 11011) 11 (12) 12 (12) 
11 26 (26) 28 (24) 25 (23) 28 (29) 
12 25(27) - 27 (26) 25 (25) 23 (22) 
13 11(11) 11 (11) 11 (12) 12(11) 
14 17 (15) 14 (15) 20 (20) 20 (20) 
15 10 (11) 11 (10) 11 (12) 13 (14) 
16 14 (14) 15 (15) 15 (16) 14 (15) 
17 10 (11) 11( 9) 11(11) 13 (12) 
18 9( 8) 8( 9) 12 (13) 11) 
19 10 (12) 13 (10) 11(11) 13 (12) 
20 1101) 10 (10) 9( 9) 9{ 9) 
S temp J Ll E | 
1.23 mm 0.94 mm 
t die 
1.01 mm 1.48 mm 





Figures in parentheses indicate duplicate measurement. 
S = standard deviation of differences. 





April 1979 The American Journal of CARDIOLOGY Volume 43 733 





GENETIC ASYMMETRIC SEPTAL HYPERTROPHY—ten CATE ET AL. 


«s general cardiac population (n-100) 





+. formalis (n«35) 


wem Index cases (n=33) 


8 





OMIT w a a 
OT aT am» 
a 





$ Ñ 
3 E 
a E ii 
g Hoi 
E! E di 
B E iz 
Qa 3 
*- E i 
o [i ; 
ae 3" \ 
1: t 
E \ 
pi 
JP 
tS 
da 
at 


7/— X370 





IVS /LVPW ratio 


Lr FIGURE 2. Distribution of interventricular septum/left ventricular posterior wall (IVS/LVPW) thickness ratios in 100 patierts trem the general population 
(C with-heart disease, 35 normal persons and 33 patients with hypertrophic cardiomyopathy (index cases). Slight overlap exists between the general 
| = population with heart disease and the index cases, but separation between those groups is evident when IVS/LVPW ratios are considered. The 
* normal persons have the same distribution of IVS/LVPW ratios as the general population with heart disease. n — number of subjects. 
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IVS /LVPW ratio 


| FIGURE 3. Distribution of interventricular septum/left ventricular posterior wall (IVS/LVPW) thickness ratios from 33 patients with hypertrophic 
cs obstructive cardiomyopathy (index cases), 35 first degree relatives with asymmetric Septal hypertrophy taffected) and 81-first degree relatives 
without echocardiographic evidence of asymmetric septal hypertrophy junaffected). This last group can clearly be separated from patients with 
hypertrophic obstructive cardiomyopathy and their relatives with asymmetric septal hypertrophy. Therefore, the first degree relatives of patients 


with hypertrophic cardiomyopathy represent a bimodal distribution curve of IVS/LVPW ratios. 
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posterior wall infarction had a ratio of 1.6, and another 
with a ventricular septal defect and infundibular pul- 
monary stenosis had a ratio of 1.8. Neither patient had 
evidence of a primary cardiomyopathy on family history 
or other study. The remaining six patients had ratios 
between 1.3 and 1.6. Patients with hypertrophic ob- 
structive cardiomyopathy can clearly be distinguished 
on the basis of these ratios from normal subjects and 
patients from the general population with heart dis- 
ease. 

- Patients with hypertrophic obstructive cardio- 
myopathy and their relatives: The ratios in these 
patients and their family members showed a bimodal 
distribution curve of persons with asymmetric septal 
hypertrophy (33 patients with hypertrophic cardio- 
myopathy and their 35 family members with echocar- 
diographic signs of asymmetric septal hypertrophy. The 
ventricular septal/left ventricular posterior wall ratio 
in the 81 relatives without echocardiographic evidence 
of asymmetric septal hypertrophy did not differ from 
values in the control group or in the general population 
with heart disease. 

Because the aim of our study was to describe the 
clinical and echocardiographic findings in patients with 
asymmetric septal hypertrophy and their family 

members, we restricted the clinical analysis of pertinent 
data to these persons. For these groups, detailed data 
on history, symptoms and signs, electrocardiograms and 
chest X-ray films are given in Table II. Table III pro- 
vides a detailed description of echocardiographic 
measurements. The data indicate that most family 
members with asymmetric septal hypertrophy have the 
same echocardiographic characteristics as patients with 
hypertrophic obstructive cardiomyopathy. At the time 
of our study, the first degree relatives without asym- 
metric septal hypertrophy were classified as normal 
subjects. 

Analysis of genetic transmission of asymmetric 

-septal hypertrophy: For the 33 patients with hyper- 
trophic obstructive cardiomyopathy, representing 33 
families, 116 first degree relatives were available for 
study. In 14 families, no other person with echocardio- 
graphic asymmetric septal hypertrophy was found. 
However, asymmetric septal hypertrophy was docu- 
mented in two patients by the necropsy data of deceased 
family members. Pedigree charts were made (Fig. 4) of 
the 21 families with evidence of genetic transmission of 
asymmetric septal hypertrophy. The results show a 
horizontal distribution (relation between siblings) 
present in 58 percent, a vertical distribution (parent- 
sibling relation) in 42 percent and both kinds of distri- 
bution in 38 percent. These findings are in agreement 
with the view that the defect is inherited as an autoso- 
mal dominant trait.!? 


Discussion 


Asymmetric septal hypertrophy as a separate 
disease entity: Our results indicate that an abnormal 

_ interventricular septum/left ventricular posterior wall 
ratio greater than 1.3 can occur in patients with a variety 
of acquired or congenital heart diseases. The question 
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TABLE ii 


Characteristics of Subjects With Asymmetric Septal 
Hypertrophy 








Patients 
With First Degree 
HOCM Relatives : 
(index Wih Without 
cases) ASH ASH ; 
(33 (35 (81 


patients) subjects) subjects) - 





A. History, Signs and Symptoms 




















Family history positive for 21 35 81 
cardiomyopathy 
No clinical abnormality 0 15 81. 
Systolic murmur 32 10 Q 
Congestive heart failure 5 0 0 
Syncope 2 0 0 
Arrhythmias 10 3 g 
Palpitations and dyspnea 22 6 0 
Anginal complaints 14 10 0 
Taking medication 33 2 0 
B. Electrocardiographic Findings 
No significant- abnormalities 0 6 81 
Abnormal Q waves 16 9 0 
Left ventricular hypertrophy 5 8 0 
Right ventricular hypertrophy 3 0 Q 
T wave abnormalities 20 11 0 
intraventricular conduction 3 0 I" 
abnormalities 
Preexcitation syndrome 1 0 In 
Supraventricular rhythm 3 1 Iu 
disturbances 
Ventricular rhythm disturbances 10 0 0 
C. Chest X-ray Findings 
Normal findings 2 21 40* 
Cardiothoracic ratio 75096 31 14 0 
Lung changes due to left heart 8 9 0 
failure 








* In first degree relatives without asymmetric septal hypertrophy, 
chest X-ray films were not made routinely in children younger than 15 
years. 

ASH = asymmetric septal hypertrophy; HOCM = hypertrophic ob- 
structive cardiomyopathy. 


arises whether this abnormality is secondary to the 
underlying cardiac disorder or a manifestation of a 
coexistent and etiologically separate disease and, more 
specifically, genetically transmitted asymmetric septal 
hypertrophy. Our findings suggest that in patients with 
acquired or congenital cardiac diseases an abnormal 
interventricular septum/left ventricular posterior wall 
ratio is not a manifestation of genetically transmitted 
asymmetric septal hypertrophy. 

This conclusion is based on the unimodal distribution 
curve found in the normal group and in the general 
population with heart disease and on the negative . 
family history for the presence of genetically trans- - 
mitted heart disease in eight patients from the general 
population with heart disease who had an interven- 
tricular septum/left ventricular posterior wall ratio 
greater than 1.3. This finding is in contrast with the 
apparent bimodal distribution curve found in the 
population of first degree relatives of patients with - 
symptomatic hypertrophic obstructive cardiomyopathy, 
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TABLE iil 





Pertinent Echocardiographic Findings in Family Members of 33 Patients With Hypertrophic Obstructive Cardiomyopathy 














Patients With . . First Degree Relatives 
HOCM With Without 
Normal {index cases) ASH ASH 
Values” {33 patients) (35 subjects) (50 subjects) 
21S thickness (mm) 8-13 24467 19 t 2 1112 
“=LVPW thickness (mm) 8~13 1243 W+2 112 
IVS/LVPW thickness ratio (mean end range) Pd 2.2 (1.4-2.8) 1.7 (1.3-2.3) 1.0 (0.9-1.2) 
Systolic thickening of IVS (96) 4218 946 12 k 127 50+ 11 
Systolic thickening of LVPW (96) 529 66 + 30 60 X 15 70 4 12 
Ellipsoid Banana shape Banana shape Ellipsoid 





LV shape 
: * Fer this laboratory. 


* Statistically different from values in normal control group (P < 0.005). 


Values are expressed as mean + standard error of the mean. Figures in parentheses indicate the range of values. 
ASH = asymmetric septal hypertrophy; HOCM = hypertrophic obstructive cardiomyopathy; IVS = interventricular septal wall; LV = left ventricular; 


LVPW = left ventricular posterior wall. 


- most of whom had a positive family history for cardio- 
myopathy. However, because we did not separately 
examine the prevalence of abnormal septum/posterior 
wall ratio in coronary artery disease, we cannot defi- 
nitely exclude using echocardiographic criteria alone 
- the combined occurrence of asymmetric septal hyper- 
"trophy and coronary artery disease. 
Is asymmetric septal hypertrophy a familial 
"eardiomyopathy?: Symptomatic patients with hyper- 
^ trophic obstructive cardiomyopathy or idiopathic hy- 
pertrophic subaortic stenosis have a myopathic disease. 
. "The characteristic signs for this disorder, as evaluated 
in our laboratory, are decreased systolic thickening or 
contraction of the interventricular septum’ and an ab- 
^normal left ventricular cavity shape as assessed from 
cross-sectional images. The question is whether these 
- abnormalities are also present in first degree relatives 
with an abnormal interventricular septum/left ven- 
- tricular posterior wall ratio. The results of our study 
indicate that 35 of 116 first degree relatives of patients 
with hypertrophic cardiomyopathy did have decreased 
systolic thickening of the interventricular septum. Only 
17 had an abnormal left ventricular shape. 
We conclude that patients with symptomatic hy- 
=< pertrophic obstructive cardiomyopathy and their af- 


l TO 


qu" o 
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FIGURE 4. Pedigree chart of a representative family of a proband 
. with hypertrophic cardiomyopathy (arrow). The echocardiographic study 

in this family revealed two other siblings with asymmetric septal hy- 
_perrophy (1 and 5) and one parent with asymmetric septal hypertrophy. 
- This pedigree chart is in agreement with an autosomal dominant mode 
of transmission. 


fected family members have the same echocardio- 
graphic characteristics but different clinical signs and 
symptoms. Thus, these echocardiographic signs allow 
the diagnosis of a genetically transmitted cardiomy- 
opathy manifesting with a wide variety of clinical signs 
and symptoms. 

Clinical implications: How can genetically trans- 
mitted asymmetric septal hypertrophy be excluded as 
a cause of an abnormal interventricular septum/left 
ventricular wall ratio in the otherwise asymptomatic 
person and in patients with congenital or acquired heart 
disease who have an interventricular septum/left ven- 
tricular posterior wall ratio exceeding 1.3? A practical 
and reliable way to make such a distinction is to exam- 
ine first degree relatives for asymmetric septal hyper- 
trophy and for decreased septal thickening on echo- 
cardiography. 

Although histologic examination after biopsy of 
cardiac septal muscle for the presence of disorganized 
cardiac cells or extensive hemodynamic and angiocar- 
diographic studies, or both, may provide the absolute 
evidence, these techniques are not readily applicable or 
indicated in most clinical situations.? Currently, the 
echocardiographic technique is the most realistic ap- 
proach. 

Echocardiographic limitations: Accuracy in de- 
tecting asymmetric septal hypertrophy requires a 
carefully executed echocardiographic examination 
technique. Even then, it is sometimes difficult to define 
accurately the right-sided endocardial echo of the in- 
terventricular septum. A better definition of the 
right-sided septal structures will be realized with the 
injection of echo contrast agents (5 percent dextrose in 
water or saline solution) into a peripheral vein.!? 

This study indicates a clinical spectrum ranging from 
absence of symptoms to the typical findings of hyper- 
trophic obstructive cardiomyopathy or idiopathic hy- 
pertrophic subaortic stenosis. All affected persons have 
the same characteristic echocardiographic features. 
Asymmetric septal hypertrophy can be considered the 
anatomic expression of a genetic defect that is trans- 
mitted as an autosomal dominant trait. 
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M-mode and two-dimensional echocardiographic evaluation of infectious 
endocarditis and its complications was reviewed. In 21 consecutive pa- 
tients with clinical endocarditis, 22 valves were involved (12 aortic, 5 
mitral and 5 tricuspid). M-mode echocardiography detected vegetations 
in 10 patients (four aortic, two mitral and four tricuspid) and detected 
complications of endocarditis in 2 patients (one aortic root abscess and 
one flail aortic cusp). Two-dimensional echocardiography detected 
vegetations in 9 patients (four aortic, one mitral and four tricuspid) and 
detected complications in ten patients (five flail aortic cusps, one aortic 
root abscess, one sinus of Valsalva aneurysm, two flail mitral leaflets and 
one flail tricuspid valve). Thus, although M-mode and two-dimensional 
echocardiography had a similar ability to detect actual vegetations, 
two-dimensional echocardiography was superior to M-mode echocardi- 
ography in diagnosing complications of the destructive process. 


M-mode echocardiography is useful in diagnosing valvular vegetations 
and in detecting some of the complications of bacterial endocarditis.! 
However, it was suggested that M-mode echocardiography will detect 
vegetations in only approximately 34 percent? to 55 percent? of patients 
with bacterial endocarditis. Two explanations for this low sensitivity 
are possible. First. the diagnostic ability of this technique may be related 
to vegetation size, and thus M-mode echocardiography may detect only 
large vegetations. Second, the M-mode technique only visualizes limited 
areas of the valvular and anular surfaces. 

‘Two-dimensional echocardiography is a technique that provides in- 
formation about the spatial orientation and motion of intracardiac 
surfaces that are "silent" to M-mode echocardiography. The purpose 
of this report is to determine the value of two-dimensional echocardi- 
ography in the diagnosis of infective endocarditis and its complica- 
tions. 


Methods 


Patients: The M-mode and two-dimensional echocardiographic findings in 
21 consecutive patients with a clinical diagnosis of infective endocarditis were 
reviewed. All 21 patients were febrile. Twelve patients presented with or de- 
veloped congestive failure during their hospital stay. All had new regurgitant 
murmurs of the involved valves. Blood cultures were positive in 18 patients 
(Table D. Three other patients bad culture-negative endocarditis; all three had 
had antibiotic therapy. 

Echocardiography: M-mode echocardiographie studies were performed 
in the supine or left lateral decubitus position using a Smith Kline Ekoline 20A 
ultrasonoscope with a 2.25 megahertz medium (7.5 em) internally focused 
transducer. Permanent recordings were obtained with an Irex 101 Continutrace 
Recorder. 

Two-dimensional echocardiographic studies were performed using either 
a Grumman Health Systems RT-400 or a Varian V-3000 phased-array sector 
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scanner. The illustrations presented here were photographed 
from single frame videotape images. The limitations of such 
illustrations include (1) a loss of the visual integration of 
motion that normally accompanies real-time imaging, and (2) 
a degradation of image quality caused by photographing a 
single field of a complete videotape frame that normally 
“consists of two interlaced fields. Complete two-dimensional 
*. echocardiographie studies included (1) the long axis view to 
evaluate the aorta, the aortic valve and the mitral valve, (2) 
transverse views through the aortic and mitral valves, (3) a 
sagittal view of the tricuspid valve, and (4) the apical view to 
‘evaluate the mitral and tricuspid valves. 

Surgical or pathologic confirmation was available in 11 
patients. Ten patients had successful valve replacement; one 
patient died before surgery. 

Statistical analysis was performed with the chi-square 
method. 


Results 


Aortic valve endocarditis: Twelve patients had a 
clinical diagnosis of aortic valve endocarditis. The M- 
mode echocardiographic findings in these patients are 
listed in Table I. Four patients (Cases 3, 4, 6 and 7) had 
an aortic valve vegetation (Fig. 1). In two patients (Cases 
-vand 5) the aortic valve appeared sclerotic, the leaflets 
were thickened, and leaflet motion was reduced; how- 
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ever, no distinct vegetation was seen. In one patient 
(Case 8) the posterior aortic wall had a double density, . 
suggesting an aortic root abscess. In five patients (Cases 
1, 9, 10, 11 and 12) the aorta and aortic valve were 
normal. e 

The two-dimensional echocardiographic findings in. 
the 12 patients with aortic valve endocarditis are also. 
listed in Table I. In four patients (Cases 3, 4, 6 and 7) 
aortic valve vegetations were identified as rapidl 
moving high density masses attached to one of theaortic 
valve cusps (Fig. 2). In four patients the two-dimen- __ 
sional study detected a flail aortic valve cusp (Fig.3h - 
the M-mode echocardiogram was normal in three of _ 
these patients (Cases 1, 9 and 12) and also showed a flail _ 
cusp in one of them (Case 3). In addition, one patient 
(Case 7) whose initial study showed a vegetation later _ 
had a flail aortic valve cusp. One patient (Case 2) had. 
a thickened, calcified aortic valve without a distinct. 
vegetation or any other evidence of endocarditis. One _ 
patient (Case 8) had a double density of the posterior 
aortic wall, suggesting an aortic root abscess. One pa- 
tient (Case 5) had an outpouching of the aorta into the | 
right atrium, suggesting a ruptured sinus of Valsalva __ 
aneurysm (Fig. 4). The results of the studies were nor- . 





























































* Patients 7 and 18 each had two studies: an initial study (a) and a follow-up study (b). ! One patient had both mitral and tricuspid icc 


t Surgical findings. * Autopsy findings. 
= Hemophilus; Staph. = Staphylococcus; Strep. = Streptococcus. 
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TABLE i 
Bacteriologic, M-mode and Two-dimensional Echocardiographic and Pathologic Data in 18 Patients with Infective 
Endocarditis 
Two-Dimensional 
Patient Organism M-Mode Findings Findings Pathologic Data 
Aortic Valve Endocarditis 
1 Pneumococcus Normal Flail cusp Not available 
2 Staph. aureus Valve sclerosis Valve sclerosis Not available 
3 Pneumococcus Vegetation, Vegetation, Vegetation, 
flail cusp flail cusp flail cuspt 
4 Strep. viridans Vegetation Vegetation Vegetation? 
5 Culture negative Valve sclerosis Sinus of Valsalva Sinus of Valsalva 
aneurysm aneurysm, endocarditis! 
6 Group D Strep. Vegetation Vegetation Vegetation! 
Tra H. parainfluenza Vegetation Vegetation io . 
b NM Flail cusp Flail cusp Flail cusp* 
8 Group A Strep. Root abscess Root abscess Root abscess? 
9 Strep. viridans Normal Flail cusp Flail cusp? 
10 Strep: viridans Normal Normal Not available 
11 Staph. aureus Normal Normal Not available 
12 Strep. viridans Normal Flail cusp Not available 
Mitral Valve Endocarditis 
13 Strep. viridans Prolapse, vegetation Prolapse Not available 
147 Staph. aureus Normal Ruptured chordae Ruptured chordae, 
endocarditis? 
15 Culture negative Prolapse Ruptured chordae Ruptured chordae, 
~ endocarditis? 
16 Strep. viridans Vegetation Vegetation Not available 
17 Culture negative Normal Normal Not available 
Tricuspid Valve Endocarditis 
141 Staph. aureus Excessive systolic Ruptured chordae Ruptured chordae, 
separation panna 
18°a Anaerobic gram Vegetation Vegetation ; 
negative bacillus 
b s Normal Vegetation Not available 
19 Multiple organisms Vegetation Vegetation Vegetation! 
20 Eichinella coodens Vegetation Vegetation Not available 
21 Staph. aureus Vegetation Vegetation ... Not available = 
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FIGURE 1. Case 7. M-mode echocardiogram in a patient with aortic valve endocarditis. The vegetation (dark arrow) is attached to the aortic valve 
during diastole and also prolapses into the left ventricular outflow tract during diastole (open arrow). Ao = aorta; ECG = electrocardiogram; LA 
= left atrium; LSB MF = left sternal border medium frequency phonocardiogram; MV = mitral valve. 





Diast. Syst. 


FIGURE 2. Case 7. Diastolic (Diast.) and systolic (Syst.) frames of 
a two-dimensional echocardiographic study from the same patient with 
aortic valve endocarditis. Each frame is accompanied by a labeled, 
idealized diagram. During diastole, the vegetation (VEG) is attached to 
the aortic valve. During systole, the valve motion is unrestricted, and 
the vegetation is no longer seen. The study immediately before surgery 
only showed a flail cusp. The presence of a flail cusp without a vege- 
tation was confirmed at surgery. A = anterior; Ao = aorta; | = inferior: 
IVS = interventricular septum; LA = left atrium; LPW = left ventricular 
posterior wall; MV = mitral valve; P = posterior; S = superior. 
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mal in two patients (Cases 10 and 11). The long axis 
view was best for detecting a vegetation, flail cusp or 
root abscess. The transverse view of the aortic valve was 
useful in detecting a sinus of Valsalva aneurysm. 

Anatomic confirmation of these findings was avail- 
able in seven patients (Table I); three (Cases 3, 4 and 6) 
had vegetations (one with a flail cusp), one (Case 8) had 
an aortic root abscess, two (Cases 7 and 9) had a flail 
cusp without a vegetation, and one (Case 5) hada rup- 
tured sinus of Valsalva aneurysm. 

Mitral valve endocarditis: The M-mode echocar- 
diographic findings in five patients with mitral valve 
endocarditis are listed in Table I. Two patients (Cases 
13 and 15) had mitral valve prolapse with redundancy 
and thickening of the anterior or posterior leaflet (Fig. 
5). One patient (Case 16) had a vegetation. The M-mode 
studies in the other two patients (Cases 14 and 17) were 
normal. 

The two-dimensional echocardiographic findings in 
these patients are listed in Table I. Two patients (Cases 
14 and 15) had a flail anterior mitral leaflet (Fig. 6); 
there was rapid systolic motion of the leaflet’s tip be- 
yond the line of mitral valve closure into the left atrium. 
One (Case 15) of these two patients also had a localized 
increased anterior mitral valve leaflet thickness. One 
patient (Case 13) had mitral valve prolapse. One patient 
(Case 16) had an anterior mitral leaflet vegetation; 
during systole the vegetation curled into the left ven- 
tricular outflow tract. The results of one study (Case 17) 
were normal. The long axis view was best for detecting 
a vegetation or a flail valve. 

Surgical observation in two patients confirmed the 
presence of endocarditis with ruptured chordae tendi- 
neae. 


FIGURE 3. Diastolic frames from 
two-dimensional studies of two 
patients with aortic valve endocar- 
ditis and flail aortic valve leaflets. 
Each single frame is accompanied 
by a labeled, idealized diagram. 
Panel A, Case 9. This patient had a 
flail noncoronary cusp (NCC) with- 
out a vegetation confirmed at sur- 
gery. The organism was Strepto- 
coccus viridans. The M-mode 
echocardiographic findings were 
normal. Note that the noncoronary 
cusp hangs below the right coronary 
cusp (RCC) into the left ventricular 
outflow tract. Panel B, Case 3. In 
this patient both a vegetation and a 
flail noncoronary cusp were con- 
firmed at surgery. The organism 
was Pneumococcus. The M-mode 
echocardiogram showed a vegeta- 
tion prolapsing into the left ven- 
tricular outflow tract. Note that the 
flail noncoronary cusp with an at- 
tached vegetation hangs below the 
right coronary cusp into the left 
ventricular outflow tract. AML — 
anterior mitral valve leaflet; other 
abbreviations as in Figure 2. 
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Tricuspid valve endocarditis: The M-mode echo- 
cardiographic findings in five patients with tricuspid 
valve endocarditis are summarized in Table I. (One 
patient [Case 14] had both tricuspid valve and mitral 
valve endocarditis.) In four patients (Cases 18-21) a 
vegetation was identified (Fig. 7). In the fifth patient 
(Case 14) the M-mode study disclosed excessive systolic 
tricuspid valve separation. 


FIGURE 4. Case 5. Diastolic (Diast.) and systolic 
(Syst.) frames from a two-dimensional echocardio- 
graphic study of a patient with culture-negative en- 
docarditis and a ruptured sinus of Valsalva aneurysm 
confirmed at surgery. Each single frame is accom- 
panied by a labeled, idealized diagram. The aneurysm 
(An) appears as an outpouching from the aorta (Ao) 
into the right atrium (RA). The M-mode echocardio- 
gram only showed a sclerotic aortic valve. ATL — 
anterior tricuspid leaflet; PTL — posterior tricuspid 
leaflet; RV = right ventricle; other abbreviations as 
in Figure 2. 





Diast. 
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The two-dimensional echocardiographic findings in 
these five patients are summarized in Table I. In four 
patients (Cases 18-21) a dense mass was attached to the 
tricuspid valve (Fig. 8). In one of these patients, (Case 
18) the results of a subsequent M-mode study were 
normal, but the two-dimensional study showed a dense 
mass in the area of the tricuspid valve anulus. In the 
fifth patient (Case 14), whose M-mode recording re- 





Syst. 
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vealed excessive systolic tricuspid valve separation, flail 
anterior and posterior tricuspid leaflets were seen. The 
sagittal view was best for detecting a vegetation or flail 
leaflets. 

Surgical confirmation was available in two patients. 
Both had endocarditis; one also had flail anterior and 
posterior tricuspid valve leaflets. 


Discussion 


M-mode echocardiography: The use of M-mode 
echocardiography in detecting valvular vegetations was 
described in 1973.4 The most characteristic M-mode 
appearance of a vegetation! is that of a nonuniform 
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FIGURE 5. Case 15. M-mode echocardiogram from a 
patient with known mitral valve prolapse in whom in- 
fective endocarditis and a flail anterior mitral leaflet (AML) 
developed. Note the marked holosystolic prolapse and 
the shaggy appearance of both the anterior and posterior 
mitral leaflets (PML). Apex-LF = apex-low frequency 
phonocardiogram; ECG = electrocardiogram; PA-HF = 
pulmonic area-high frequency phonocardiogram; Resp 
= respiration. 


echo-producing mass attached to a valve leaflet with 
unrestricted and often chaotic valve motion. These 
echo-producing masses are usually described as 
“shaggy.” The sensitivity of M-mode echocardiography 
in detecting valvular vegetations is low; the results are 
positive in approximately 34 percent? to 55 percent? of 
patients with endocarditis. In patients with infective 
endocarditis and clinical findings of valvular insuffi- 
ciency, the M-mode echocardiographic findings are 
more sensitive.” It was suggested that the specificity of 
these findings is high; however, a recent report® indi- 
cates that features of endocarditis may be seen in most 
patients with the mitral valve prolapse syndrome. 


FIGURE 6. Case 15. Diastolic (Diast.) and systolic (Syst.) 
frames from a two-dimensional echocardiographic study 
of the same patient as in Figure 5. Each single frame is 
accompanied by a labeled, idealized diagram. The study 
shows a vegetation (VEG) attached to the anterior mitral 
leaflet and a flail anterior mitral leaflet (AML). During 
systole, the tip of the anterior mitral leaflet moved past 
the line cf mitral valve closure into the left atrium (LA). 
These findings were confirmed at surgery. LV = left 
ventricle: PML — posterior mitral leaflet; other abbrevi- 
ations as in Figure 2. 


742 April 1979 The American Journal of CARDIOLOGY Volume 43 


ECHOCARDIOGRAPHIC EVALUATION OF ENDOCARDITIS—MINTZ ET AL. 



















me be = wy $ TT oo), a 


MAE Sede au en - opo mam. 
SUPE enum NERA 


FIGURE 7. Case 19. M-mode echocardiogram from a patient with tri- 
cuspid valve endocarditis. Note the thickened anterior tricuspid leaflet 
(ATL). The leaflet's motion was not restricted during diastole. The 
vegetation is indicated by the arrows. 


Myxomas may be confused with vegetations.! Valve 
calcification or thickening may also be confused with 
vegetations; conversely, valve calcification or thickening 
may obscure the identification of a vegetation. 
M-mode echocardiography is also useful in diagnos- 
ing complications of endocarditis. An aortic root abscess 
may be suggested by a double density of the aortic wall.’ 
The criteria for a flail aortic valve include diastolic 
aortic valve fluttering with prolapse of the echoes into 
the left ventricular outflow tract.5 Premature closure 
of the mitral valve is echocardiographic evidence of the 
marked hemodynamic derangement of acute aortic in- 
sufficiency.? Systolic intracavitary left atrial echoes, fine 
systolic mitral valve fluttering, coarse diastolic anterior 
mitral valve leaflet fluttering, chaotic diastolic posterior 
leaflet motion and marked holosystolic mitral valve 
prolapse may suggest ruptured chordae tendineae.!? 
Two-dimensional vs. M-mode echocardiography: 
The two-dimensional features of valvular vegetations 
were previously described.!! The lesions appear as 
rapidly oscillating masses attached to or replacing 
normal valve tissue. Two-dimensional studies are also 
useful in detecting ruptured chordae tendineae.!? 
Our 21 patients with clinical endocarditis had 22 
valves involved. Vegetations were detected in 10 valves 
with M-mode echocardiography and in 9 valves with 
two-dimensional echocardiography. Thus, the sensi- 
tivity of the two techniques in detecting actual vegeta- 
tions is similar (approximately 45 percent). In one pa- 
tient (Case 13) the results of the M-mode study were 


Syst. Diast. 


FIGURE 8. Case 19. Systolic (Syst.) and diastolic (diast.) frames from 
a two-dimensional echocardiographic study of the same patient as in 
Figure 7. Each single frame is accompanied by a labeled, idealized 
diagram. The study shows a vegetation (VEG) attached to the anterior 
tricuspid valve leaflet (ATL). When the valve opened in diastole, the 
vegetation moved with the leaflet into the right ventricle (RV). A vege- 
tation was confirmed at surgery. CT — chordae tendineae; PTL — 
posterior tricuspid valve leaflet; RA — right atrium. 


positive for a mitral valve vegetation, but the results of 
the two-dimensional study were negative. 

Two-dimensional echocardiography was superior to 
M-mode echocardiography in detecting complications 
of endocarditis. Complications were detected in 2 pa- 
tients with M-mode echocardiography and in 10 pa- 
tients with two-dimensional echocardiography (P 
<0.05). The results of the M-mode study were positive 
in two of the eight patients with flail valves (five aortic, 
two mitral and one tricuspid). The characteristic two- 
dimensional finding of flail aortic valve leaflet is the 
displacement of all or part of the leaflet into the left 
ventricular outflow tract during diastole. Systolic mo- 
tion was normal. In one patient (Case 5), two-dimen- 
sional echocardiography also detected another com- 
plication of aortic valve endocarditis, a sinus of Valsalva 
aneurysm; in this patient a pouch of the noncoronary 
cusp protruded into the right atrium. 

Clinical implications: In this small series of patients 
with clinically diagnosed infective endocarditis, the 
sensitivity of two-dimensional echocardiography was 
similar to that of M-mode echocardiography in de- 
tecting valvular vegetations. The finite resolution of 
ultrasound may be the limiting factor in both tech- 
niques. The pathologic process may present as a de- 
structive process rather than as a vegetative growth. 
Patients with false negative M-mode studies may have 
abnormal two-dimensional studies that detect the re- 
sults of this destructive process. A two-dimensional 
study disclosing valvular destruction should be con- 
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_ sidered confirmational evidence in the clinical setting 

. of infective endocarditis. Two-dimensional echocardi- 

- ography was able to detect either a vegetation or evi- 

- dence of valvular destruction in 16 of 21 patients (17 of 
22 involved valves). 

The two-dimensional echocardiographic technique 

is superior because of its ability to visualize areas of the 





cardiac valves that are “silent” to the M-mode tech- 
nique and to delineate the spatial relations among car- 
diac structures that permit the diagnosis of valvular 
destruction. When the two techniques are combined, 
& vegetation or valvular destruction can be detected in 
approximately 80 percent. of cases (P «0.05 compared 
with the M-mode technique alone). 


References 


1. Dillon JC: Echocardiography in valvular vegetations. Am J Med 
: 62:856-862, 1977 
: 2. Wann LS, Dillon JC, Weyman AE, Feigenbaum H: Echocardiog- 
taphy- in bacterial endocarditis. N Engl J Med 295:135- 139, 
: 197€ 
8. Thompson K, Nanda, N, Gramiak R: The reliability of echocardi- 
ography in the diagnosis of infective endocarditis (abstr). Circulation 
; 7.94: Suppl It1l-112, 1976 
1:4. Dillon JC; Feigenbaum H, Konecke LL, Davis RH, Chang S: 
c Echocardiographic manifestations of valvular vegetations. Am 
Heart) 86:698-704, 1973 
15. Andy JJ, Sheikh MU, Ali N, Barnes BO, Fox LM, Curry CL, Roberts 
; WC: Echocardiographic observations in opiate addicts with active 
: cv infective endocarditis. Am J Cardiol 40:17-23, 1977 
- 6. Chandraratna PAN, Langevin E: Limitations of the echocardiogram 
in diagnosing valvular vegetations in patients with mitral valve 
^. prolapse. Circulation 56:436-438, 1977 


..T44  ApHL1970 The American Journal of CARDIOLOGY Volume 43 


7. Fox S, Kotler MN, Segal BL, Parry WR: Echocardiographic diag- 
nosis of acute aortic valve endocarditis and its complications. Arch 
intern Med 137:85-89, 1977 i 

8. Wray TN: Echocardiographic manifestations of flail aortic valve 
leaflets in bacterial endocarditis. Circulation 5 1:832-835, 1975 

9. Botvinick EH, Schiller NB, Wickranasekaran R, Klausner SC, 
Gertz E: Echocardiographic demonstration of early mitral valve 
closure in severe aortic insufficiency. Circulation 51:836—847, 
1975 

16. Mintz GS, Kotler MN, Segal BL, Parry WR: Two-dimensional 
echocardiographic recognition of ruptured chordae tendineae. 
Circulation 57:244—250, 1978 

1t. Gilbert BW, Haney RS, Crawford F, McCiellan J, Gallis HA, 
Johnson ML, Kisslo JA: Two-dimensional echocardiographic as- 
sessment of vegetative endocarditis, Circulation 55:346-353, 
1977 











Inotropic Effect of Post-Stimulation Potentiation in Man: 
An Echocardiographic Study 


JOSEPH ANTHONY C. GOMES, MD, 
FACC 

CLARITA R. CARAMBAS, MD 

LAURENCE M. MATTHEWS, MD 

HARRIETTE E. MORAN, RN, RDMS 

ANTHONY N. DAMATO, MD 


Staten Island, New York 


From the Cardiology Department, U. S. Public 
Health Service, Hospital, Staten Island, New York. 
This work was supported in part by the Bureau of 
Medical Services, Public Health Service, West 
Hyattsville, Maryland and Project HL 12536-07 
trom the National Heart, Lung, and Blood Institute, 
National Institutes of Health, Bethesda, Maryland. 
Manuscript received October 4, 1978; revised 
manuscript received November 9, 1978, accepted 
November 9, 1978. 

Address for reprints: Joseph Anthony C. 
Gomes, MD, Cardiology Department, U. S. Public 
Heaith Service Hospital, Staten Island, New York 
10304. 





To determine the magnitude of enhancement of the inotropic state inthe _ 
intact human left ventricle, echocardiographic studies were performed — 
in 11 subjects during pacing-induced changes in heart rate. incremental — 
atrial or ventricular pacing (80 to 160 beats/min) was performed for 1- 
minute at each rate, and echocardiographic variables of left ventricular 
function and indexes of left ventricular thickening were assessed for the - 
post-stimulation beats and compared with the values obtained during sinus . 
rhythm before pacing. For the first post-stimulation beat at maximal paced 
rates (146 + 3 beats/min, mean + standard error of mean), the ejection — 
fraction (+23 percent P « 0.001), percent fractional shortening (+45 
percent, P <0.001) and mean velocity of circumferential fiber shortening - 
(+45 percent, P <0.001) increased significantly, whereas the end-systolic — 
dimension (—22.4 percent, P <0.001) and volume (—52 percent, P. — 
<0.001) decreased significantly. The end-diastolic dimension (-F1.42 
percent) and volume (+4.8 percent) did not change significantly. Similarly, - 
septal thickening (+21.89 percent, P <0.005), posterior wall thickening 

(23.4 percent, P 0.001), left ventricular thickening (21:91 percent, 
P <0.001) and the mean rate of left ventricular thickening (+33 percent, - 
P <0.001) increased significantly. Similar significant changes, although _ 
of a lesser magnitude, occurred at lower paced rates; the magnitude of - 
these changes was proportional to the pacing rate. Decay in potentiation — 
occurred within four to five beats after pacing was stopped at any given- 
rate. Om 
Thus, in the intact human heart (1) the positive inotropic effects of 

stimulation on the left ventricle are reflected as post-stimulation poten- 
tiation, (2) potentiation is related to the pacing rate, and (3) decay in 

potentiation occurs rapidly when pacing is stopped. : 













The positive inotropic effects of increased contraction frequency have: 
been well documented in isolated cardiac muscle and in the intact canine 

heart.' ^ Although the direct relation between contraction frequency 

and contractility is well known, the level of the inotropic state can be 

significantly influenced by the marked decrease in ventricular end- 
diastolic pressure, volume and afterload induced by pacing. The purpose 
of this study was to elucidate, using quantitative echocardiography, the 
magnitude of enhancement of left ventricular contractility in the intact. 
human heart immediately after cessation of increased contraction fre-- 
quency (post-stimulation), when end-diastolic dimensions and volume. 
returned toward control values. The use of quantitative echocardiog- 
raphy enabled us to assess (1) left ventricular cavity size and volume: 
changes, (2) variables of left ventricular function, and (3) indexes of left. 
ventricular wall thickening—a specific measure of contractility. 


Methods 


Patients: Eleven patients aged 36 to 62 years were studied. The experimental: 
nature of the procedure was explained to all patients and signed consent was 
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obtained. Seven of the 11 patients underwent diagnostic 
electrophysiologic studies, and the other 4 patients underwent 
left heart catheterization for atypical chest pain. The criteria 
for selection in the study included (1) normal resting elec- 
trocardiograms, chest X-ray film, treadmill test (11 patients) 
and coronary arteriograms (4 patients); (2) normal echocar- 
diographic ejection fraction (greater than 60 percent); and (3) 
technically superior echocardiograms with optimal visual- 
ization of both sides of the interventricular septum and the 
endocardial and epicardial surfaces of the left ventricular 
posterior wall. 

Experimental protocol: A no. 6 quadripolar catheter was 
introduced percutaneously into an antecubital vein and po- 
sitioned in the right ventricular apex or outflow tract (seven 
patients) or in the high right atrial region (four patients) under 
fluoroscopic guidance and electrocardiographic monitoring. 
Incremental atrial or ventricular pacing was begun at a rate 
10 beats/min greater than the spontaneous sinus rate and 
increased by 10 beats/min up to a maximal rate of 150 to 160 
beats/min. Each paced atrial or ventricular rate was main- 
tained for approximately 1 minute, and then sinus rhythm was 
allowed to return after sudden cessation of pacing. Sinus 
rhythm was maintained for another minute before the next 
pacing rate was begun. Blood pressure was determined with 
the cuff technique at all phases of pacing. 

Echocardiograms were continuously recorded using a 
Smith-Kline 20 ultrasonoscope and a 2.25 megahertz piezo- 
electric transducer, 0.5 inch in diameter and focused at 7.5 cm. 
"The repetition rate of the transducer was 1,000 impulses/sec. 
The patients were studied in the supine position with the 
transducer in the fourth or fifth intercostal space just to the 
left of the sternum. The transducer was directed posteriorly 
and medially until the pattern of mitral valve motion was seen. 
The transducer was then directed laterally and inferiorly to 
obtain echoes of the endocardial surfaces of the septum and 
the left ventricular posterior wall. The echocardiograms and 
a simultaneous electrocardiographic lead II, a phonocardio- 
gram and a carotid pulse tracing were recorded continuously 
on a Honeywell 1856 Visicorder at a paper speed of 50 mm/sec 
and on an Electronics for Medicine Dr 12 multichannel os- 
cilloscope at paper speeds of 50, 75 and 100 mm/sec. The 
phonocardiograms and the carotid pulse tracings were re- 
corded using Electronics for Medicine pulse transducers. The 
time constant of the transducer for the carotid pulse tracing 
was greater than 2.2 seconds. In four patients a simultaneous 
left ventricular pressure tracing was also recerded. 

Measurements and calculations: All echocardiographic 
measurements were made at the level of the posterior mitral 
valve supporting apparatus. The left ventricular dimensions 
were measured from the endocardial echo of the posterior wall 
to the endocardial echo cf the left side of the interventricular 
septum. The end-diastolic dimension (Dd) was measured at 
the peak of the QRS complex. The end-systolic dimension 
(Ds! was taken as the smallest distance separating left ven- 
tricular endocardial surfaces. Left ventricular volumes at 
end-diastole (EDV) and end-systole (ESV) were calculated 
as the cube of the respective dimensions. 

Percent fractional shortening (964 D) was calculated as: 
96A D = (Dd-Ds)/Dd x 100. 

Ejection fraction (EF %) was calculated as: EF 96 = (EDV 
— ESV)/EDV. The mean circumferential fiber shortening rate 
(mean Vcf) was calculated as: mean Vef (circumfererices/sec) 
= (Dd-Ds)/LVET X Dd, where LVET = left ventricular 
ejection time. 

Indexes of thickening: Septal thickening (ST) was ex- 
pressed as the ratio of the maximal tota! septal thickness 
during systole (SThs) to the end-diastolic septal thickness 
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TABLE ii 
Changes in Indexes of Thickening 


INOTROPIC EFFECT OF POST-STIMULATION POTENTIATION—GOMES ET AL. 














Rate VLVT 

(beats/min) ST PWT ST/PWT LVT (sec^') 
Control values 70 i32 1.37 +0. 05 1.58 +0.05 0.872 + 0.05 1.46 4 0.03 101 + 0.04 
After pacing 90 £2.3 152 + 0.06 1.72 € 0.06 0.896 + 0.06 1.61 + 0.03 1.12 + 0.06 
% change yers +1094 +8.86 +2.75 +10.27 +10.89 
P value Exod «0.005 «0.005 NS «0.001 «0.01 
After pacing 121 42 1.53 + 0.07 1.84 40.11 0.915 + 0.07 175 + 0.06 1.3 + 0.06 
% change rare +18.97 +16.45 +4.93 +1986 +28.71 
P value <0.001 <0.025 NS <0.001 «0.005 
After pacing 146 +3 1.67 +0.09 1.95 0.10 0.880 + 0.08 1.78 + 0.05 1.85 i£ 0.06 
926 change pot +21.89 +23.4 +0.9 21.91 +33 : 
P value «0.005 «0.001 NS <0. 001 «0.001 





Data are expressed as mean values + standard error of the mean. LVT = 
= posterior wall thickening; ST = septal thickening; VLVT = mean normalized rate of left ventricular thickening. 


Posterior wall thickening (PWT) was expressed as the ratio 
of the maximal total posterior wall thickness in systole 
iPWThs) to the posterior wall end-diastolic thickness 
(PW'Thd). To determine the contribution of the septum and 
íhe left ventricular posterior wall to the left ventricular 
thickening (LVT), the ratio ST/PWT was calculated. Thus, 
if both structures contribute equally, the value of ST/PWT 
is 1, if the contribution of the septum is greater than that of 
the posterior left ventricular wall, the value is greater than 1, 
and if the contribution of the posterior left ventricular wall 
is greater, the value is less than 1. 

Left ventricular thickening (LVT) was calculated as: LVT 
= (SThs + PWThs)/(SThd + PWThd). 

The mean normalized rate of left ventricular thickening 
(VLVT) was calculated as: VLVT (sec7!) = LVT/Dd X 
LVET. 

Measurements and calculations were made (1) for five 
sinus beats before pacing and for four to five beats after ces- 
sation of pacing, and (2) only when adequate echocardiograms 
were available for detailed analysis. Because good echocar- 
diograms could not be obtained at the same rates in all pa- 
tients, the results indicate the values for the post-stimulation 
beat at minimal, intermediate and maximal pacing rates. Data 
were analyzed by using Student's t test for paired data. The 
results are expressed as mean values + standard error of 
mean. 


Results 


Cumulative data during sinus rhythm before pacing 
and for the first post-stimulation beat at minimal (90 
+ 2.3 beats/min), intermediate (121 + 2 beats/min) and 
maximal (146 + 3 beats/min) rates are presented in 
Tables I and H. The data in this study are expressed as 
mean values + standard error of the mean. 

Post-stimulation interval of the post-stimulation 
beat (Table I): The post-stimulation interval of the 
first post-stimulation beat was 1,297 + 66 msec (range 
918 to 1,580) for minimal paced rates of 90 + 2.3 
beats/min. The post-stimulation interval decreased 
slightly but insignificantly for intermediate and maxi- 
mal pacing rates. 

Changes in left ventricular cavity size and vol- 
ume (Table I, Fig. 1 and 2): The control end-diastolic 
dimension was 4.9 + 0.17 cm (range 3.29 to 5.33), and 
the end-diastolic volume was 123 + 10 cc (range 36 to 


he d So ee u . . April 1979 The American Journal of CARDIOLOGY Volume 43 





left ventricular thickening; NS = not significant; P = probability; PWT 





151). During pacing, end-diastolic dimension and vol- 
ume decreased. For the post-stimulation beat at all 
pacing rates, end-diastolic dimension and volume did 
not change significantly, although end-diastolic di- 
mension varied at different rates. In contrast, end- 
systolic dimension and volume decreased markedly and __ 
significantly for the first post-stimulation beat at all. 











pacing rates. The greatest decrease in end-systolic di- 


mension and volume for the post-stimulation beat oc- 
curred at maximal paced rates. E 
Changes in derived indexes of left ventricular _ 
function (Table I): A significant increase in percent 
fractional shortening (+18 percent, P «0.005), ejection 
fraction (+11.59 percent, P «0.001) and mean velocity 
of circumferential fiber shortening (22.72 percent, P 
<0.001) occurred for the first post-stimulation beat at 
minimal paced rates. Furthermore, all ejection phase _ 
indexes increased progressively for the post-stimulation _ 
beat at increasing rates, and the greatest change oc- 
curred at maximal paced rates. Us 
Changes in thickening indexes (Table ID: During. 
control, septal thickening was 1.37 + 0.05 (range 1.2 to 
1.75) and posterior wall thickening was 1.58 + 0.05. 
(range 1.31 to 1.91). The ratio of septal thickening to 
posterior wall thickening was 0.872 + 0.05. For the 
post-stimulation beat, septal and posterior wall 
thickening increased significantly at all paced rates. The 
increase in septal and posterior wall thickening was 
progressive and was greatest at maximal paced rates. 
The ratio of septal thickening to posterior wall thick-- 
ening showed a —0.9 to. +4 percent change; however, 
these changes were not statistically significant. During 
control studies, left ventricular thickening was 1.46 + 
0.03 (range 1.27 to 1.64), and the mean normalized rate 
of left ventricular thickening was 1.01 + 0.04 secc!- 
(range 0.78 to 1.28 sec^!). : 
For the post-stimulation beat, left venicitlti 
thickening and the mean normalized rate of left ven 
tricular thickening increased progressively at increasing 
rates. The largest increase for the post-stimulation beat 
occurred at maximal paced heart rates. There was an 
expected significant correlation between left ventricular 
thickening and percent fractional shortening (r = 0.720, 
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P «0.061, no. = 44) and between the mean velocity of 
circumferential fiber shortening and the mean nor- 
malized rate of left ventricular thickening (r 0.622, 
P «0.061, no. = 44) during control and for the post- 
stimulation beat at all pacing rates. 
Decay in left ventricular potentiation: Figure 3 
-is a representative echocardiogram and left ventricular 
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pressure tracing demonstrating the change in left ven- 
tricular dimensions, left ventricular pressure and septal 
and posterior wall thickening for a sinus beat before 
pacing and for four sinus beats after the interruption 
of atrial pacing at a rate of 110 beats/min. The end- 
diastolic pressure decreased markedly during pacing but 
attained control values for the first post-stimulation 
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< FIGURE 1. Representative simultaneous echocardiograms, phonocardiograms and carotid pulse tracings demonstrating dimensional and thickening 
changes during control sinus rhythm (NSR) and for the post-stimulation beat after cessation of atrial pacing iat rates of 80 to 152 beats/min). From 


top to bottom in all panels, ECG = electrocardiographic lead Il; PCG 
right ventricular cavity; IVS = interventricular septum; and LVPW = 


phonocardiogram; CPT = carotid pulse tracing: CW = chest wall; RV = 


left ventricular posterior wall. The cross-hatched areas represent the change 


in septal and posterior wall thickness from end-diastole to maximal thickness in systole. During control sinus rhythm (lop teft panel), the end-diastolic 
and end-systolic dimensions were 4.9 and 2.1 cm, respectively. Septal thickening and posterior wail thickening were 2.0 anc 2.1, respectively. 
After cessation of atrial pacing (AP) at a rate of 80 beats/min (top right panel), the post-stimulation beat demonstrated a decrease in end-systolic 


dimension and an increase in both septal (2.2) and posterior wall thickening (2.3; 


pacing at a rate of 120 beats/min (bottom left panel), the 


compared with the control sinus beat. After cessation of atrial 


post-stimulation beat demonstrated a slight increase in end-diastolic dimension but a 


further marked decrease in end-systolic dimension (1.6 cm) and increases in both septal (2.3) and posterior wall thickening (2.4) compared with 


the control sinus beat. The post-stimulation beat after atrial pacing at a rate of 150 beats/min demonstrated a 


further decrease in end-systolic dimension 


(1.1 cm) and a further increase in both septal and posterior wall thickening. Note the progressive decrease in lett ventricular cavity size during in- 
crementai atrial pacing and the poor septal motion and thickening during atrial pacing at a maxima! rate of 156 beats/min. Although the end-diastolic 


dimension did not change appreciably for the post-stimulation beat at all rates, the changes in 


end-systolic dimension and septal and posterior 


wall thickening increased at progressively increasing rates. PSI = post-stimulation interval. 
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beat. A progressive decay in potentiation started at the 
second post-stimulation beat and reached control values 
by the fourth post-stimulation beat, as indicated by the 
changes in septal thickening, posterior wall thickening, 
end-systolic dimension and derived indexes of left 
ventricular function. Decay in potentiation occurred 

< within four to five beats after pacing at any given rate 
in all patients. 


Discussion 


Echocardiography is a valuable noninvasive tool for 
the assessment of qualitative and quantitative dynamic 
events of the left ventricular chamber walls.? Echocar- 
diographically-determined left ventricular volumes and 
ejection phase indexes of contractility correlate well 
with their cineangiographic counterparts in the absence 
of wall motion abnormalities.!?-!* The value of echo- 
cardiographically determined indexes of left ventricular 
function in assessing acute changes in inotropy and al- 
iterations in preload and afterload were also amply 
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documented.!>!8 The echocardiographic observation _ 
of septal and posterior wall thickening has generated 
considerable interest recently.!? To assess the effects 
of post-stimulation potentiation in man in this study; 
we used conventional variables of echo wall motion and. __ 
also derived indexes of septal, posterior wall and left __ 
ventricular thickening. Thickening may be a moreac- __ 
curate indicator of contractility than wall motion, which —__ 
is affected by a host of factors??-?5; therefore we applied — 
the concept of “normalized velocity" to thickening to 
obtain a mean rate of left ventricular thickening. 

The effect of stimulation on the post-stimulation 
beat: Increases in heart rate produced by incremental | 
atrial or ventricular pacing, or both, result in progressive 
decreases in left ventricular end-diastolic pressure, di- 
mension and volume.929-3! The changes in end-diastolic 
fiber length as a result of pacing can significantly in- 
fluence the level of inotropic state. In anesthetized as 
well as conscious animals, when changes in fiber length: 
were prevented by a rapid volume infusion, enhanced 
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ventricular performance occurred, as suggested by the findings indicate that (1) stimulation of either the right 
increased development of force and velocity.92? How- ventricle or the right atrium augments left ventricular 
ever, rapid volume infusions can induce reflex changes contractility, as indicated by significant increases in 
that may in themselves induce changes in contractili- ejection phase indexes of contractility and left ven- 
ty." Sonnenblick et al. determined the effects of heart tricular wall thickening of the post-stimulation beat, (2) 
rate on the dynamics of force development in the human potentiation is evident at rates slightiy greater than the 
right ventricle during corrective intracardiac surgery. basal sinus rate and is proportional to the rate of pacing, 
As the heart rate was increased from 72 to 145 beats/ and (3) decay in potentiation occurs within four to five 
min, peak contractile force did not change significantly; beats after cessation of pacing. 
however, the maximal rate of force development (dP/dt) These observations in man are in keeping with the 
increased progressively. Therefore, they postulated that findings in isolated muscle preparation that the mag- 
in humans changes in heart rate produce a “velocity nitude of increase in force or velocity after lowering 
staircase" rather than a "force staircase." heart rate referred to as "post-stimulation" is directly 
We previously demonstrated that ventricular pacing preportional to the preceding rate of contraction. 
results in an abnormal septal contraction pattern Mahler et al.’ demonstrated 16 and 22 percent increases 
(caused by the altered activation sequence) and a pro- in left ventricular dP/dt and mean velocity of circum- 
gressive Cecrease in ejection septal thickening. We also ferential fiber shortening. respectively, in the conscious 
observec decreased septal motion and thickening during dog in association with a decrease in left ventricular 
incremental atrial pacing, particularly at high rates. end-diastolic pressure during an average increase in 
These changes in contraction pattern induced by pacing heart rate from 90 te 158 beats/min (+71 percent). 
limit the assessment of left ventricular function with However, for the first post-pacing beat when left ven- 
echocardiography during pacing studies. Because tricular end-diastolic pressure had returned to near 
end-diastolic dimensions and volumes returned toward control values, left ventricular dP/dt increased 35 per- 
control values after cessation of pacing and for the cent and mean velocity of circumferential fiber short- 
reasons Ciscussed earlier, we assessed echocardiographic ening increased 32 percent above control values. It is 
variables of left ventricular function for the post-stim- interesting that our findings in man are similar to those 
ulation beat as a measure of inotropic potentiation. Our reported by Mahler et al.’ in the dog. Thus, for an av- 
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FIGURE 3. Representative simultanecus echocardiograms, phonocardiograms (PCG) and left veritricular pressure (LVP) tracings demonstrating 

decay in left ventricular potentiation after atrial pacing (AP) at a rate of 110 beats/min. During control sinus rhythm, the end-diastolic and end-systolic 
dimensions were 4.6 and 2.7, respectively, and septal and posterior wall thickening were 1.6 and 1.9, respectively. The calculated ejection fraction, 
percent fractional shortening and mean circumferential fiber shortening rate (Vcf) were 80 percent, 41 percent and 1.19 cireumferences/sec, 
respectively. During atrial pacing (rate 110 beats/min), note the marked decrease in end-diastolic pressure (open arrows) compared with control. 
After atrial pacing for the first post-stimulation beat, the end-diastolic pressure and dimension returned to near control value, whereas the end-systolic 
dimension decreased markedly (1.4 cm}, resulting in a marked increase in the ejection fraction (97 percent), percent fractional shortening (69 percent) 
‘and mean Vef 11.82 circumferences/sec). For the second post-stimulation beat, end-diastolic pressure and end-diastolic and end-systolic dimensions 
increased; septal and posterior wall thickening decreased; and the ejection fraction, percent fractional shortening and mean Vcf were 84 percent, 
46 percent and 1.29 circumferences/sec, respectively. For the third post-stimulation beat, the ejection fraction (82 percent), percent fractional 
Shortening (44.percent) and mean circumferentia fiber shortening rate (1.22 circumfterences/sec) decreased further. For the fourth post-stimulation 
beat, the end-diastolic and end-systolic dimensions and septal and posterior wall thickening attained contro! value. The ejection fraction (80 percent), 
percent fractional shortening (41 percent) and mean circumferential fiber shortening rate (1.15 circumferences/sec) also attained control values. 
Abbreviations as in Figure 1. 
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erage increase in heart rate of 73 percent (from 70 £3 
to 121 + 3 beats/min), percent fractional shortening, 
ejection fraction and mean velocity of circumferential 
fiber shortening increased 33.33, 17.37 and 38 percent, 
respectively. With an even larger increase in heart rate 
of 108 percent (from 70 + 3.2 to 146 4 3 beats/min), 
percent fractional shortening, ejection fraction and 
mean velocity of circumferential fiber shortening rate 
increased 45, 23 and 54 percent, respectively. 
Mechanism of enhanced potentiation of post- 
stimulation beat: The force-velocity relation during 
left ventricular ejection is influenced by (1) the inotropic 
state of the left ventricle, and (2) alterations in preload 
and afterload. Our observations suggest that the en- 
hanced potentiation of the post-stimulation beat is due 
to an enhanced inotropic state of the left ventricle and 
is partly related to decreases in left ventricular after- 
- Joad; It is unlikely that changes in preload had any effect 
on potentiation because end-diastolic dimension and 
volume did not change significantly for the post-stim- 
ulation beat at all pacing rates. The latter finding is 
probably related to the fact that end-diastolic dimen- 
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sion and volume are markedly reduced during pacing 
and return to near control values for the first post- 
pacing beat despite a long diastolic pause. The marked 
and significant increase in percent fractional shortening 
and ejection fraction was primarily related to marked 


end-systolic shortening. Also, the significant increase 


in septal and posterior wall thickening strongly suggest 


an enhanced inotropic state. The rapid decay in poso 
tentiation in association with increasing R-R intervals __ 
or left ventricular end-diastolic dimension, or beth; _ 


suggest that alteration of preload did not influence 
changes in ejection phase indexes of contractility for the 
post-stimulation beat. It is also possible that enhanced 
potentiation could be related to the release of cate-: 
cholamines during pacing, particularly at rapid rates. 


However, because of the rapid decay in potentiation and P 
the observation that potentiation could be elicited at 
rates slightly greater than that of sinus rhythm, the. 


latter mechanism is unlikely. Also, Mahler et al dem- 
onstrated expected responses to increased heart rate in. 
the conscious dog even after blocking doses of pro- _ 
pranolol. ; 
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The purpose of this study was to investigate factors that may participate 
in the production of innocent ejection murmurs. Although it is known that 
ejection murmurs are produced by turbulent flow, the cause of turbulence 
in subjects with innocent murmurs has not been determined. The viscosity 
and the density of blood are factors that participate in the production of 
turbulence. Therefore, their role in the production of innocent ejection _ 
murmurs was investigated in 40 healthy young women, aged 18 to 22. 
years. Fourteen subjects had an innocent murmur; 26 had no murmur. All 
had a normal hematocrit (37 mi/100 ml or greater); none were anemic. 
However, the subjects with an innocent murmur had a significantly lower _ 
hematocrit (P <0.01), and consequently the viscosity of blood in these - 
subjects was lower (0.038 + 0.001 versus 0.042 + 0.001 poise) (P 
<0.001). The density of blood and the estimated stroke volume were - 
similar in both groups. These observations suggest that young women with. 
an innocent murmur may have a lower viscosity of blood than those _ 
without a murmur. The increased turbulence caused by the decreased 
viscosity may contribute to causing inaudible ejection murmurs to exceed _ 
the threshold of audibility. oo 












Although innocent ejection murmurs are a common auscultatory finding, 
particularly in children and adolescents,!? the mechanism of such. 
murmurs has not been determined. By definition, innocent ejection _ 
murmurs are murmurs heard at rest in subjects with no apparent cardiac — 
abnormality.? Innocent ejection murmurs are short systolic murmurs, _ 
usu^lly heard with maximal intensity in the second left intercostal . 
space.! Murmurs due to recognized physiologic circumstances that 
produce high flow are usually considered flow murmurs and are excluded __ 
from this definition of innocent murmurs. Consequently, ejection _ 
murmurs in anemic patients or patients with a high output state such _ 
as thyrotoxicosis are defined as flow murmurs. Such murmurs are dif- | 
ferentiated from innocent ejection murmurs on the basis of the accom- _ 
panying clinical condition. It is clear that ejection murmurs are produced . 
by turbulent flow. The viscosity and density of blood are rheologic 
factors known to participate in the production of turbulence and believed ^ 
to contribute to murmurs.5 Therefore, we investigated the effects of- 
blood viscosity and density on the production of innocent ejection _ 
murmurs. 


Methods 





Subjects: Observations on the role of blood viscosity in the genesis of innocent - 
ejection murmurs were made in 40 healthy volunteer female student nurses and 
laboratory technicians aged 18 to 22 years. Fourteen subjects were found to hav E 
an innocent ejection murmur; 26 had no murmur. All of the subjects were ex- 
amined by two physicians, who agreed on the presence, location and charac 
teristics of the murmurs. Each subject was carefully examined in a quiet room - 
in the sitting, supine and right anterior oblique positions. Subjects were con- _ 
sidered to have an innocent ejection murmur if a short early or mid systolic _ 
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<o TABLE | 
Characteristics of Subjects Studied 
Control Subjects With 
Subjects innocent Murmurs 
x (no. = 26) (no. = 14) 
Age (yr) 

t: Mean 20 20 
SEM 0.2 0.3 
Range 18-22 18-22 
P NS 

Height (inches) 
Mean 65 64 
“SEM 0.4 0.5 
Range 61-69 60-68 
P NS 
Weight (Ib) 
Mean 126 123 
SEM 4 3 
Range 95-200 110-142 
P NS 
Heart rate (beats/min) 
Mean 77 77 
SEM 2 2 
Range 60-102 64-100 
p d NS 
..; Blood pressure (mm Hg) 
-Mean 110/71 113/71 
CSEM 2/2 3/2 
‘Range 96- 130/60-88 100-138/60-84 
Bleed p NS/NS 
<< ‘Transverse Diameter (cm) 
Mean 10.8 10.0 
SEM 0.2 0.7 
: Range 9.0-12.7 9.0—12.4 
oP NS 
Cardiothoracic ratio (96) 
Mean 0.40 0.40 
SEM 0.01 0.01 
Range 0.36-0.48 0.33-0.47 

: Stroke volume (mi/stroke} 

Mean 60 §3 

“SEM 4 4 
Range 22-91 29-78 

P NS 


^52 NS = not significant; P = probability; SEM = standard error of the 
- mean. 





murmur was heard at the base of the heart with the subject 

at rest. All of the subjects in this study had murmurs of grade 
. intensity (of grades 1 through VI). Subjects were excluded 

:sifa murmur was heard with maximal intensity at the apex or 
Cuf a murmur radiated to the carotid vessels. Subjects with 
t: supraclavicular arterial bruits, mammary souffles, venous 

hums, musical murmurs and late systolic murmurs were also 
excluded.’ All subjects had normal splitting of the second 
heart sound and several had a physiologic third sound. 
~ Subjects were excluded if a systolic click or diastolic murmur 
was heard. No subject had a left or right ventricular impulse 
or pectus excavatum. 

- All subjects were active and normotensive, with no history 
of cardiac or pulmonary disease, and all had a normal elec- 
-:trocardiogram, chest roentgenogram and echocardiogram. No 
subject was taking any medication other than contraceptive 

agents. Subjects were excluded if they had a history of rheu- 
-: matic fever or scarlet fever or a family history of congenital 
heart disease. Echocardiography or physical examination 
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FIGURE 1. Hematocrit of control subjects and subjects with an innocent 
ejection murmur. 


revealed a prolapse of the mitral valve in some subjects, who 
were also excluded. Subjects with a hematocrit lower than 37 
ml/100 ml, which is considered the lower limit of normal for 
women,? were also excluded. 

Echocardiography: In each subject an echocardiogram 
was obtained with an Electronics for Medicine V3270 echo- 
cardiograph, using a 3.5 megahertz transducer. Tracings were 
recorded on an Electronics for Medicine VR 12 recorder at a 
paper speed of 50 mm/sec with the subject in the left lateral 
position, between 20 and 45 degrees. The transducer was 
placed at the third to fifth left intercostal space, and sweeps 
were made from the aortic root to the mitral valve and toward 
the apex of the left ventricle. The left ventricular internal 
dimension was measured at the level of the chordae of the 
mitral valve during diastole at the peak cf the R wave of the 
electrocardiogram and during peak systole using standard 
methods.” The stroke volume was calculated from echocar- 
diograms using equations based on the assumption that the 
ventricle has. the configuration of a prolate ellipse.” 

Blood studies: The hematocrit was measured with the 
microhematocrit method from a sample of venous blood. The 
viscosity of both whole blood and plasma were measured at 
37°C at a shear rate of 180 sec”! with a Brookfield cone-in- 
plate rheolog viscometer (Stoughton, Massachusetts). The 
density of blood (g/em") was measured bv weighing 10 ml of 
blood on a Mettlar balance (Princeton, New Jersey). 


Results 


The age, heart rate, blood pressure, height and weight 
were similar in the subjects with and without an inno- 
cent ejection murmur (Table I). The transverse diam- 
eter and the cardiothoracic ratio determined with plain 
chest roentgenography and the stroke volume estimated 
from the echocardiogram did not differ significantly in 
the two groups (Table I). 

Although all subjects had a normal hematocrit, those 
with an innocent ejection murmur had a lower hemat- 
ocrit than those without a murmur (39 + 0.5 versus 41 
+ 0.4 ml/100 ml) (mean + standard error of the mean) 
(P «0.01, unpaired t test) (Fig. 1). 

The viscosity of whole blood was lower in subjects 
with an innocent ejection murmur (0.038 + 0.001 versus 
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FIGURE 2. Viscosity of blood of control subjects and subjects with an 
innocent ejection murmur. 


0.042 + 0.001 poise) (mean + standard error of the 
mean) (P «0.001) (Fig. 2). The plasma viscosity was also 
lower in subjects with an innocent murmur (0.013 + 
...0.0001 versus 0.014 + 0.0002 poise) (P «0.001). The 
— density of blood was the same in both groups (1.02 + 
.— 0.01 g/ml) (Table IT). 


Discussion 


Factors affecting blood turbulence: Because 
ejection murmurs are produced by turbulent blood 
flow, an exploration of factors related to the develop- 
ment of turbulence may contribute to an understanding 
of the cause of such murmurs. In steady pipe flow, the 
factors known to affect turbulence are density, velocity, 
diameter and viscosity. Whole blood viscosity clearly 
differed in the subjects with an innocent ejection mur- 
mur and the control subjects without a murmur. The 
diminished blood viscosity observed in subjects with an 
innocent ejection murmur increases the tendency 
toward turbulent flow and thus may contribute to the 
production of a murmur. 

Additional faetors probably contribute to turbulence 
in the region of the semilunar valves. The normal valve 
leaflets project into the stream of flow and initiate 
turbulence.!? The pulsatile nature of flow, branching, 
curvature and tapering of vessels, as well as compliant 
walls, also affect the characteristics of flow, although the 
magnitude of these effects has not. been clearly deter- 
mined.!! Abnormally stiff or inflexible erythrocytes may 
also contribute to turbulence.!? Even the number of 
erythrocytes has an effect on turbulence beyond the 
effect of erythrocytes on viscosity.!* Irrespective of the 
effects of any of these factors (pulsatile flow, vessel ge- 
ometry, and the nuniber of characteristics of erythro- 
cytes), a decrease in blood viscosity tends to augment 
turbulence. 

Blood viscosity and threshold of audibility of 
turbulent flow: It was demonstrated that innocent 
ejection murmurs can be identified in almost all normal 
subjects with the use of an amplifying microphone.? It 
appears that the increased turbulence resulting from 
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TABLE Il 


Hematocrit, Viscosity and Density of Blood in Subjects 
Studied 





Subjects With 





innocent 
Control Subjects Murmurs 
Hematocrit 
(ml/ 100 ml) 
Mean 41 39 
SEM 0.4 0.5 
Range 37-44 37-42. 
P «0.01 
Blood viscosity 
(poise) 
Mean 0.042 0.038 
SEM 0.001 0:001 
Range 0.037-0.048 0.033-0.042 
P «0.001 
Plasma viscosity 
(poise) 
Mean 0.014 0.013 
SEM 0.0002 0.0001 T 
Range 0.013-0.017 0.013-0.014. 
P «0.001 
Blood density 
(poise) 
Mean 1.02 4.02 
SEM 0.01 0.01 
Range 0.97-1.04 0.99— 1.06 
P NS 





NS = not significant; P = probability; SEM = standard error of the 
mean. 


the lower viscosity of blood in patients with innocent 
murmurs is sufficient to cause the sound to exceed the 
threshold of audibility. High frequency pressure fluc-. 


tuations are an intrinsic characteristic of turbulent 


flow, ^4 and such fluctuations define intracardiac —— 


sound-pressure.? A linear relation of turbulence tothe 
Reynolds number was demonstrated.!? A 12 percent. — 
decrease in viscosity would increase the Reynolds 
number 12 percent. Therefore, it is reasonable to as- 
sume that the 12 percent decrease in viscosity in. — 
subjects with an innocent murmur would increase the __ 


turbulence intensity a comparable percentage. Because 


the fluctuating sound-pressure would be expected to. c 
increase as the square of the turbulence intensity, an — 
even greater sound-pressure would result. At the > 


threshold of audibility, the increase in sound-pressure 
predicted to occur with a 12 percent decrease in viscosity 
would cause approximately a 2 decibel increase in sound: 
intensity relative to a sound-pressure level of 0.0002 
dynes/cm?. This difference in sound intensity would be. 
detectable with normal hearing.!6 Thus, the increased 


turbulence calculated to occur due to the lower viscosity _ 


in these subjects may contribute to causing the intensity 

of inaudible ejection murmurs to exceed the threshold 

of audibility. m 
Innocent ejection murmurs were traditionally * 

thought to occur distal to the pulmonary valve? How- 

ever, in adults with normal valves, measurements of _ 

intracardiac sound indicate that innocent murmurs _ 
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< oceur in the region of the aortic valve.!? Studies in dogs 
- support this observation." In adults turbulence is 
- higher in the region of the aortic valve than in that of the 
- pulmonary valve, apparently in relation to the higher 


blood velocity in the aorta.!? Irrespective of the site of 


; origin of innocent ejection murmurs, a reduced viscosity 





of blood would augment disturbances of flow that pro- 
duce such murmurs. 

In conclusion, it appears that a small decrease in 
blood viscosity, in the presence of a normal hematocrit, 
may participate in the genesis of innocent ejection 
murmurs. 
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Circulating platelet microthrombi were evaluated during the acute and __ 
convalescent phases of illness in 44 patients admitted to the hospitalfor 
chest pain. Similar studies were performed in 10 healthy volunteers and 
6 patients with infection. Circulating platelet microthrombi were signifi- 
cantly increased during the acute phase in 22 patients with transmural 
myocardial infarction compared with values in the other 22 patients 
without myocardial infarction, the healthy volunteers and the patients with 
infection alone. This increase in circulating platelet microthrombi declined 
to normal levels by the 7th hospital day in all but two patients who hai 
evidence of extension of myocardial infarction and died. In contrast, cir- 
culating platelet microthrombi were similar in acute and convalescent 
phases of patients with chest pain but without myocardial infarction and 
were comparable with values in healthy volunteers. This study suggests _ 
that increased circulating platelet microthrombi may be related to tissue — 
necrosis associated with transmural myocardial infarction. 










Platelets are thought to be involved in the initiation and propagation 

of arterial and venous thrombi.!? A new formation of platelet thrombus 

in a coronary artery has been implicated in the genesis and extension 

of myocardial infarction.?-? Experimental evidence suggests that platelet 
aggregates may be responsible for occlusion of small coronary and ce- 
rebral arteries? and subsequent ischemia. In 1974, Wu and Hoak? first: 
described a technique for measuring in vivo platelet microthrombus 
formation activity. Some investigators?-!? later showed evidence for 
increased platelet microthrombus formation activity in patients with — 
ischemic syndromes, whereas others!*- found no such increase. This | 
study was designed to evaluate systematically the platelet micro- 
thrombus formation activity in patients with acute myocardial infarction 
during acute and convalescent phases of tissue damage. Other patients — 
with chest pain but without evidence of myocardial infarction, patients . 
with infection and normal volunteers served as control subjects for... 
comparison. 


Methods 


Patients: Forty-four men admitted to the cardiac care unit with cheste 
pain were studied. A detailed history was obtained on admission. Serial ^ 
electrocardiograms and serum enzyme (glutamic oxaloacetic transam- 
inase, lactic dehydrogenase and creatine kinase) determinations were 
made on three consecutive days. The diagnosis of transmural myocardial . 
infarction was made on the basis of elevation of serum enzyme levels and: 
a history typical of infarction with or without new Q waves or loss of R 
waves in the electrocardiogram. Ten healthy volunteers (doctors, nurses: 
and medical students) served as control subjects. Six other patients with 
an infectious process (pharyngitis [two patients], pneumonitis [two 
patients] and sepsis [two patients]) were also studied for comparison. _ 
None of the subjects included had taken aspirin or other drugs known | 
to alter platelet function for 10 days before the study. UM 
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Platelet microthrombus formation activity: 
Within the first 24 hours (acute phase) and again on the 
3rd and 7th days of hospitalization (convalescent 
phase), blood was drawn from all patients with chest 
pain to determine in vivo platelet microthrombus for- 
mation activity. Blood was drawn only once from all but 
three healthy volunteers and patients with infection; in 
these three subjects two samples were drawn 2 hours 
apart to validate the technique. 

The method used to determine microthrombus for- 
mation activity was the same as that described by Wu 
and Hoak.5 An antecubital vein that had not been pre- 
viously used was punctured with a large lumen needle 
(no. 18), and free blood flow was obtained. The first 5 
ml of blood was discarded, and samples of exactly 0.5 
ml each were drawn into plastic syringes containing 2.0 
ml of buffered ethylenediaminetetraacetic acid (EDTA) 
or EDTA and formalin. The samples were taken in 
duplicate, gently tilted and allowed to stand for 15 
minutes at room temperature. The four tubes were then 
centrifuged simultaneously for 8 minutes at 150 g to 
obtain platelet-rich plasma (PRP). Platelet counts on 
both platelet-rich plasma samples were determined 
under phase microscopy within 1 hour of blood colle- 
cion. The results were expressed as follows: Micro- 
thrombus index = platelet count in EDTA-formalin 
PRP/platelet count in EDTA PRP. 

This method is based on the concept that, when 
present, platelet aggregates will be fixed in the 
EDTA-formalin mixture and centrifuged down. 
Therefore, the platelet count of the platelet-rich plasma 
solution. will be reduced. However, in the syringe with 
EDTA alone, platelet aggregates are broken. Therefore, 
the ratio of platelet count in the two samples approaches 
1 when there are no aggregates but drops below 1 if ag- 
gregates are present. 

The average of the duplicate values was used to 
calculate the mean and the standard error. Student’s 
t test was used for statistical calculations. A probability 
(P) value of «0.05 was considered statistically signifi- 
cant. 

Results 

Patients with chest pain: The criteria for myocar- 
dial infarction were met in 22 of the 44 patients admit- 
ted with chest pain, but were not met in the other pa- 
tients. The age of all patients studied ranged from 44 to 
68 years. The mean age of the patients with myocardial 
infarction (54 years) was similar to that of the patients 
without infarction (53 vears). The normal volunteers 
and patients with infection alone had a mean age of 31 
and 52 years, respectively. There was no significant 
difference in the prevalence of diabetes mellitus, hy- 
pertension, hyperlipidemia or smoking among the dif- 
ferent groups of subjects. Nine of the 22 patients with 
myocardial infarction had an anterior wall infarction 
and 13 an inferoposterior wall infarction. Myocardial 
ischemia was suspected clinically in 12 of the 22 patients 
without myocardial infarction. 

Ail 22 patients without and 20 of the 22 patients with 
myocardial infarction had an uneventful course of 
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hospitalization. Two patients with infarction had evi- 
dence (additional chest pain, electrocardiographic 
changes and enzyme elevation after the initial diagnosis) 
of extension of the infarction on about the 7th hospital 
day. Both of these patients died. 

Microthrombus index in patients with chest pain: 
Aeute phase: 'The duplicate values obtained in each 
patient agreed very closely (mean variation 0.04). The 
microthrombus index in patients with myocardial in- 
farction ranged from 0.24 to 0.92 (mean + standard 
error of the mean, 0.62 + 0.03) and in those without 
infarction from 0.64 to 1.10 (mean 0.89 + 0.02) (Fig. 
1). 

During the acute phase, the microthrombus index was 
significantly lower (P « 0.01) in patients with myocar- 
dial infarction than in patients without infarction. The 
mean values were similar in patients with anterior (0.64 
+ 0.04) and inferoposterior (0.61 + 0.04) wall infarc- 
tion. 

Convalescent phase: In all but two patients with 
myocardial infarction the microthrombus index in- 
creased during the convalescent phase. On the 3rd 
hospital day, the mean index was 0.76 + 0.05; on the 7th 
hospital day it had increased to 0.79 + 0.04 (anterior 
wall infarction 0.77 + 0.08, inferoposterior wall infarc- 
tion 0.82 + 0.04, both P «0.01). Two patients with an- 
terior wall infarction had clinical and laboratory evi- 
dence of extension of myocardial infarction. In both 
patients the microthrombus index decreased on the 7th 
hospital day (from 0.41 to 0.22 in one and from 0.78 to 
0.59 in the other). In contrast, in patients without 
myocardial infarction, the microthrombus index was 
unchanged from the value in the acute phase on the 3rd 
(0.89 + 0.03) and 7th (0.87 + 0.03) hospital days. The 
index on the 7th day was similar in the patient groups 
with and without myocardial infarction (Fig. 2). 

Among patients without myocardial infarction, the 
microthrombus index in subjects clinically thought to 
have myocardial ischemia (mean 0.87 + 0.03) was sim- 
ilar to that in patients with a nonischemic chest pain 
syndrome (mean 0.90 0.04). 

Microthrombus index in healthy volunteers: In 
this group, the microthrombus index ranged from 0.86 
to 1.02 (mean 0.94 + 0.02) and repeat determinations 
2 hours later in three volunteers were also similar (mean 
variation, 0.03). The mean value for the microthrombus 
index in patients with myocardial infarction was lower 
(P «0.001) than that in healthy volunteers during the 
acute phase, but values in the two groups were similar 
on the 7th hospital day. In patients with chest pain but 
without myocardial infarction, the microthrombus 
index was similar to that in the healthy volunteers in 
both the acute and convalescent phases. 

Microthrombus index in patients with infection: 
In patients with infection alone, the index ranged from 
0.35 to 0.91 (mean 0.89 = 0.01). This value was similar 
to that in both healthy volunteers and patients with 
chest pain without myocardial infarction but was higher 
(P «0.01) than that in patients with chest pain and in- 
farction. 
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FIGURE 1. Platelet microthrombus index in patients with and without 
myocardial infarction (M.L) ori the: tst hospital day, and in normal vol- 
unteers, The mean index was significantly lower (P <0.01) in patients 
with myocardial infarction than in the other two groups. n = number 
of patients. 








Discussion 


Several investigators!-?? have noted platelet hy- 
peraggregability in patients with myocardial ischemia 
and infarction. The observation? of platelet aggregates 

in the coronary vessels of patients dying suddenly also 
suggests a role for platelets in coronary death. As 
platelets come in contact with collagen in the athero- 
sclerotic arteries, release of platelet aggregation stim- 
ulant and vasoconstrictor thromboxane Ap may 
occur.2)-22 Platelet aggregates thus formed could occlude 
the atherosclerotic vasculature, leading to ischemia and 
tissue injury.2°24 In acute myocardial ischemia and 
infarction the associated release of adenosine diphos- 
phate, serotonin and catecholamine could also lead to 
further platelet aggregation, resulting in occlusion of the 
microcirculation with platelet thrombi.? Recently, el- 
evation of platelet factor IV during the acute phase of 
myocardial infarction has been demonstrated, further 
suggesting a relation between myocardial damage and 
platelet activation.” 

Association of increased platelet microthrombi 
and myocardial infarction: Using the technique for 
measuring in vivo platelet aggregate formation activity,® 
we found that acute transmural myocardial infarction 
is associated with an increase in circulating platelet 
microthrombi. This platelet microthrombi formation 
activity is equally increased in patients with anterior 
and inferoposterior wall myocardial infarction in the 
acute phase. The level gradually declines to normal by 
the 7th hospital day in patients with an uncomplicated 

course. However, a persistently high activity or a further 
increase in circulating platelet microthrombi is sug- 
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FIGURE 2. Platelet microthrombus index on the 7th hospital day in. 
patients with and without myocardial infarction (MLL The mean index: 
was similar in the two patient groups. 


gestive of continued myocardial damage. In contrast to 
patients with myocardial infarction, patients hospi- 
talized with chest pain without evidence of myocardial 
damage and patients with infection without tissue 
damage do not have a similar increase in platelet mi- 
crothrombi formation activity. 

Our observations of increased platelet microthrombi 
in patients with myocardial damage are in agreement 
with those of some previous studies.9!!1-!? Others! ^I? 
failed to show a similar increase in patients with myo- 
cardial infarction. In some of the latter studies,!* the 
test for circulating platelet microthrombi was péer-.: 
formed late in the course of infarction, and an elevation 
occurring early in the course may have thus been 
missed. In other studies,!? the type of myocardial in- 
jury—that is, subendocardial ischemia or transmural 
infarction— was not specified. Our studies and those of 
Wu and Hoak? and Guyton and Willerson!? suggest that 
platelet aggregate formation activity is increased only _ 
in those patients with chest pain who have a myocardial 
infarction. These observations imply an association of 
increased platelet microthrombus formation activity 
either in the genesis or as a result of tissue injury, as 
proposed by Dougherty et al.!? 

We and others?! also demonstrated an increase in 
circulating platelet microthrombi in other vasoocclusive 
phenomena associated with tissue damage. The normal 
levels of circulating platelet microthrombi in patients 
with infection without tissue damage as observed in our 
study further suggests an important role of increased 
microthombus formation activity in tissue damage. 

Platelet microthrombi and myocardial ischemia: 
If platelet hyperaggregability is a factor in the initiation 
of ischemia, one would anticipate an increase in platelet 
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microthrombi in patients with myocardial ischemia as 
well. However, in our patients with ischemic chest pain 
+ without tissue damage, absence of such an increase may 
- be due to several factors. It is possible that the increase 
‘in platelet microthrombus formation activity occurs 
only transiently and initiates ischemia by compromising 
- blood fiow. Further platelet activation may be on the 
basis of myocardial tissue damage. Thus, increased 
platelet microthrombus formation may not be detected 
in the peripheral venous blood unless the blood is drawn 
just before the ischemic event or tissue damage. It is also 
likely that the test for quantitating platelet micro- 
thrombi in the peripheral venous blood is not sensitive 
-- enough to detect minor but significant changes occur- 
ring in the coronary arteries. 


PLATELET AGGREGATES IN MYOCARDIAL INFARCTION-—MEHTA AND MEHTA - 


Implications: The technique for measuring circu- 
lating platelet microthrombi used in our study is simple 
and reproducible if the blood samples are studied within 
1 hour of being drawn.?-!1? The microthrombus index is 
not affected by age. sex, smoking, fatty foods, physical 
exertion or drugs such as anticoagulant agents.!?-!? 
Because we did not study in vivo platelet microthrom- 
bus formation activity before evolution of tissue necrosis 
in patients with myocardial infarction, its role in the 
genesis of myocardial damage remains speculative. 
Nevertheless, the increase in circulating platelet ag- 
gregates appears to be related to tissue damage associ- 
ated with vascular occlusion. Further studies are war- 
ranted to define the exact role cf platelet aggregate 
formation in tissue ischemia, necrosis and recovery. 
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The stethoscope, bronchoscope and chest X-ray — all 
workhorses that have earned their reputation in pul- 
monary medicine. Earning its own reputation as a 
workhorse for computerized spirometry screening is 
the Eagle One by Collins. 


The Eagle One simplifies testing and, when used with 
any of the recommended Collins spirometers, it meets 
or exceeds ATS-NHLBI performance criteria. Patients 
are tested quickly and efficiently and you can be confi- 
dent that the results are accurate every time. 


In fact, a single forced expiratory maneuver produces 
twelve parameters including FVC, FEVo.s, ;, 3, PEFR, 
FEF 25.750, FEF25%, 50%, 75%, and FEVo.s, 1, 3/FVC ratios. An 
MVV result is produced with a second maneuver. All 
flow and volume measurements are made instanta- 
neously and include actual, predicted and percent 
' predicted values! 


' Don't be misled by its simplicity because the Eagle One 


nother 
Workhorse! 








is also sophisticated and versatile. For instance, it au- 
tomatically back extrapolates the FVC curve for precise 
FEV, timing and includes outputs for flow-volume 
loops. There’s much more. 


Options include a line printer for tabulated printouts, 
an X-Y T recorder and "plug-in" programs for RV and 
S.B. D, calculators, children's prediction equations 
and diagnostic interpretations. 


Put an Eagle One to work in your lab. Write or 
call today for our color brochure which explains all 
of the Eagle One's performance, convenience and 
specifications. 


Warren E. Collins, Inc. 
220 Wood Road 
Braintree, MA 02184 
(617) 843-0610 


Collin; 


VISIT US AT THE AMERICAN LUNG ASSOCIATION 
S t SHOW BOOTHS 116 AND 117, MAY 13-16, LAS VEGAS 
— n— Ó——— n— ná————M—M 


E80 MG 


in the course of cardiac edema 
a patient may need more 
than the usual 40 mg dose of 
Lasix.® It is for this patient 
that we formulated the new 


Lasix 80 mg tablet. The new Lasix 80 mg provides a convenient 
dosage unit to achieve the necessary saluresis. 
And, it offers greater patient compliance and 
can result in significant savings. 
Lesix® (furosemide) ductive studies have shown that furosemide 
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(furosemi 


Impaired renal function—associated with the 
more severe degrees of congestive heart 
failure—can greatly reduce the effectiveness 
of diuretic therapy. What is often required to 
provide effective saluresis for such patients is 
a loop diuretic. 










Lasix Tablets Prescribing Guide Usual adult 
daily dose: 20 to 8G mg given in morning. Dos- 
age may be increased by increments.of 20to 40 
mg not sooner than 6 to 8 hours after previous 
dose. May be carefully titrated up to 600 
mg/day in severe clinical edema patients. 
Therapy should be individualized according to 
patient response. As with any diuretic, electro- 
lyte depletion can occur during therapy with 
furosemide. When doses exceeding 80 mg/day 


are given for prolonged periods, careful 
clinical and laboratory observations are 


recommended. 


Please consult brief summary of prescribing 
information below. 





A brief summary of the Prescribing informa- 
lior for Lasix (furosemide) Tablets 20, 40 
and BO mg. 


. Warning: Lasix (furosemide) is a potent 


Guretic which, if given in excessive 
amounts, can lead to a profound diuresis 
with water and electrolyte depletion. Thore- 
fore, careful medical supervision is required, 
ond dose ond dose schedule hove to be 
adjusted to the individual patient's needs. 


indications: Edema associated with conges- 
tive heart failure, cirrhosis of the liver, and 
renal disease, including the nephrotic syn- 
drome. Hypertension when used alone or in 
combination with other antihypertensive 
drugs; patients not odequately controlled 
with thiozides also probably will not be 
adequately controlled with furosemide alone. 


Contraindications: Because animal repro- 


may cause fetal abnommolities, the drug is 
contraindicated in women of childbearing 
potential. Anuria. History of hypersensitivity 
To the compound. 

Warnings: Excessive diuresis may result in 
dehydration and reduction in blood volume, 
with circulatory colionse and with the 
possibility of vasculer thrombosis and em- 
bolism, particularly in eíderly patients. Ex- 
cessive loss of potassium in patients receiv- 
ing digitalis glycosides may precipitate dig- 
italis toxicity. Exercise care in patients te- 
ceiving potassium-depleting steroids. Per- 
form frequent serum electrolyte, COz, and 
BUN determinations during first few months 
of therapy and perodicalty thereafter. and 
Correct abnormolites cr temporarily withdraw 
the drug. Inifiai therapy of patients wah he- 
patic cirrhosis ond ascites is best corried aut in 
the hospital. Ciesely observe cirrhotic patients 
tor sudden fiic and electrolyte imbalances 


that moy precipitate hepctie como. Supple- 
mental potassium chloride and, if required, 
an aldosterone antagonist are helpful inpre- 
venting hypokalemia and metabolic at- 
kolosis. Discontinue furasemide if inereosing 
azotemic and oliguria cocut during treatment 
of severe, progressive renal disease. Observe 
patients regulorty tor possible blood dys- 
crasias, kverdomage, or other idiosyncratic 
reactions. Patients with known sulfonamide 
sensiivdy moy show allergic reactions. 
Furosemide may potentiate the therapeutic. et- 
fect of ether antihyperensive agents. Potenti- 
ation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbotion or oc- 
tivation of systemie tupus erythemetosus 
may cocur. Furosemide appears ifi breast 
milk. Fuse of the drug is essential, the po- 
tient should stop nursing. Cases of tinnitus 
and rayersibie hearing impairment hove been 
repoded. 

There have also been some reports of cases 


in which irreversible hearing impairment ot- 
cuired. Usuolly ototoxicihy has been reported 
when turosemide was injected rapidiy inpo- 
tients with severe impairment of renol func- 
tion ot doses exceeding several times the 
usual recommenced dose and in whom 
olher drugs known fo be ototoxic were gren. 
it the physician elects to use high-dose par- 
erferal therapy ir: patients with: severely m- 
paired renal function, controled intravenous 
infusion is advisable. (For adults. on infusion 
taie not exceeding 4 mg furosemde per 
minute has been used.) 

Precautions: As with any effective diuretic. 
electrolyte depiation may occur, especially in 
patients receiving higher doses and a re- 
stricted sott intake. Patients receiving turo- 
semide shoulc be observed for clinical signs 
of fluid or elecirolyte imbalance, namely. 
hyponatremia, hypochioremic atkatosis, and 
hypokalemio. Serum and urine electrotyte de- 
lerminations are parficulorty important when 


sid 
BECAUSE IN CARDIAC EDEMA... 


WHICH A GOOD DRUG 
LUABLE ONE. 


THERE IS A POINT AT 
BECOMES AN INVA 


the patient is vomiting excessively o 
ng parenteral fluids. Medication s 
talis may also influence serum ele 
Hypokalemia may develop with fu 
os with any other potent diuretic, e: 
with brisk diuresis, when cirrhosis is 
of during c 
CTH. Interference with adequ 
trolyte intake will also contribute to 
hypokalemia. Digitalis may exac 
metabolic effects of hypokale: 
with reference to myocarc 
Asymptomatic hyperuricemia car ur and 
gout may rarely be precipitated. Increasés ir 
blood giucose and alterations in gluc 
tests with abnormalities of t 
ing and two-hour postprandial sugar have 
been observed, and rare cases of precipita 
tion of diabetes mellitus have been reported 
Furosemide may lower serum calcium levels, 
and rare coses of tetany have been reported 
Periodic serum calcium levels should be ob- 
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tained. Reversible elevations of BUN may be 
seen These have been observed in associa- 













tion with dehydration, which should be 
avoidec Cularly in patients with renal in 
sufficiei ents receiving high doses of 
salicyl njunction with furosemide 


salicylate toxicity at lower 

e of competitive renal excretory 
urosemide has a tendency to an- 

e the effects of tubocurarine and may 
potentiate the action of succinylcholine 
Lithium generally should not be given with 
diuret ause they reduce its renal clear 
ance and add a high risk of lithium toxicity 
Diuretics such as furosemide may enhanc 
the nephr phaloridine. There 
fore, furosemide and cephaloridine should 
Not be administered simultaneously. Furo 
semide may decrease arterial responsive 
ness to norepinephrine. This diminution is 
sufficient to preclude effectiveness of the 
1 f erapeutic use 
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Adverse Reactions: Anorexia, oral and gas 
tric irritation, nausea, vomiting, cramping 
diarrhea, constipation, jaundice, (intrahe 
patic jaundice), pancreatitis, dizziness, ver 
tigo, paresthesias, headache, xanthopsia 
blurred vision, tinnitus and hearing loss. 
anemia, leukopenia, agranulocytosis (rare 
thrombocytopenia, aplastic anemia ( 
Purpura, photosensitivity, rash, urticaria 
necrotizing angiitis (vasculitis, cutaneous 
vasculitis), exfoliative dermatitis, erythema 
multiforme, pruritus. Orthostatic hypotension 
may occur and may be exaggerated by alco- 
hol, barbiturates, or narcotics. Other adv 
reactions include hyperglycemia, glycosuria 
hyperuricemia, muscle spasm, weakness, 
restlessness, urinary bladder spcsm, throm 
bophiebitis 
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HOECHST-ROUSSEL 


PHARMACEUTICALS INCORPORATED 
SOMERVILLE. NEW JERSEY 08876 





THE NEW LASIX (furosemide) 
80 MG TABLET 


For convenience, 
compliance, economy. 
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BD SUPERIORITY 


goncevew 
ANCEMENT IN 
ING SYSTEM 
ECHNOLOGY 


PI's new Porous Tip Lead 
ncourages living tissue to 
row within the electrode, 
reating a bond between the 
eart and the MICROLITH,-P 
rogrammable pacing system. 
he remarkable characteristics 
f this bond allow you to 

ke full advantage of the 
ICROLITH-P’s programmable 
atures. 


IPROVED ELECTRODE 
BILITY 


orous Tip Lead's direct 

ond with heart tissue resists 
islodgement significantly 
etter than conventional leads. 











IMPROVED SENSING 
CAPABILITY 


With greatly reduced fibrotic 
build-up at the electrode site, 
the new Porous Tip Lead 
improves sensing capabilities. 


IMPROVED ECONOMY 
OF CURRENT DRAIN 


Optimize longevity of the 
MICROLITH-P through the 
reduced current drain of the 
Porous Tip Lead. The small 
7.5mm? tip utilizes available 
energy efficiently without 
compromising sensing 
capabilities or patient safety. 


COMPATIBLE DESIGN 
FOR CONSISTENT 
PERFORMANCE 


Never before has a pacing 
system achieved this high 
degree of integration with the 
requirements of the human 
body. 


For more information on how 
MICROLITH-P and the Porous 
Tip Lead work together to 
improve pacing reliability and 
patient care, contact your CPI 
representative or call Toll-Free 
(800) 328-9588. 






Cardiac Pacemakers. Inc 
4100 North H ! 





3. Box 43075 
5! Paul. Minnesota 55164 USA 


INVOLVED IN MANKIND 


v 1979 Cardiac Pacemakers, Inc 





The 90% porous electrode 
encourages a synergistic bond with 
cardiac muscle through ingrowth of 

sue. The 25pm diameter of the 
electrode's interior mesh fibers i 
comparable to that of an individual 
heart cell. This diminishes foreign 
body reaction resulting in a smaller 
fibrotic capsule for increased 
sensing capabilities. 


porous 


ectrode tip 


h heart movement 














eginning his study of 
medicine at the age 

of 14, Dr. Laennec completed 

his education during the 

tumultuous days and 
aftermath of the French 
Revolution. Toward the end 

of his brief, brilliant career, 
in which he brought a new 
sense of order and discipline 
to the profession, Dr. Laennec 
-brought about another 
revolution, no less dramatic 
for its absence of violence. 
His invention of the 
stethoscope and discovery of 
the principles of auscultation 
remain today landmarks 
in the development of 
knowledge of the human 
heart and chest. 





Of Special Interest 
to Cardiologists 
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Each capsule contains 50 mg. of Dyrenium® 
(brand of triamterene) and 25 mg. of hydrochlorothiazide. 


In Cardiac Edema —Limits Potassium Loss l 
During diuretic therapy for edema associated with con- 
gestive heart failure, conservation of vital potassium stores — 
so important in the patient receiving concomitant digitalis — 
is a basic action of the ‘Dyrenium’ component in ‘Dyazide’. 


Less critical, but important in fostering patient compliance __ 


with maintenance therapy, patients treated with 'Dyazide' 
seldom develop hypokalemia, oftén a factor in patients' 
decisions to abandon maintenance therapy because of muscle 
cramps, fatigue, and malaise. 


Avoids Development of Tolerance 

As the hydrochlorothiazide in 'Dyazide' exerts its diuretic 
effect, 'Dyrenium' not only enhances fluid output, it blocks 
distal reabsorptive mechanisms stimulated by compensatory 
elevation of aldosterone. Even during extended maintenance 
therapy, drug tolerance is avoided. 


Serum K* and BUN should be checked periodically. 
(See warnings.) - 

‘Dyazide’ can cause hyperkalemia, though it is rare in 
patients with normal renal function. Serum Kt and BUN 
should be checked periodically, particularly in elderly, dia- 
betics, and those with suspected or confirmed renal insuffi- 
ciency. Potassium supplements should not be used unless 
hypokalemia develops or dietary Kt intake is markedly 
impaired. Not for initial therapy (see box warning). 


See next page for brief summary of prescribing information. 
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SK&F Salutes 


A Pioneer in Cardiology 
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RENÉ THÉOPHILE HYACINTHE LAENNEC 


(1781-1826) 


Inventor of the Stethoscope 


Before prescribing, see complete 


prescribing information in SKAF Co. 


literature or PDR. A brief summary 
follows: 








WARNING 

This drug is not indicated for 
initial therapy of edema or hyper- 
tension. Edema or hypertension 
requires therapy titrated to the 
individual. If this combination 
represents the dosage so deter- 
mined, its use may be more con- 
venient in patient management. 
Treatment of hypertension and 
edema is not static, but must be 
reevaluated as conditions in each 
patient warrant. 











Contraindications: Further use in 
anuria, progressive renal or hepatic 
dysfunction, hyperkalemia. Pre- 


. existing elevated serum potassium. 


Hypersensitivity to either component 
or other sulfonamide-derived drugs. 


Warnings: Do not use potassium 
supplements, dietary or otherwise, 
unless hypokalemia develops or 
dietary intake of potassium is mark- 
edly impaired. If supplementary 
potassium is needed, potassiumtablets 
should not be used. Hyperkalemia 
can occur and has been associated 
with cardiac irregularities. It is more 
likely in the severely ill, with urine 
volume less than one liter/day, the 
elderly and diabetics with suspected 


ABB. 


® 


Each capsule contains 50 mg. of Dyrenium® 
(brand of triamterene) and 25 mg. of hydrochlorothiazide. 


Potassium-Sparing Diuretic* 


or confirmed renal insufficiency. 
Periodically, serum K+ levels should 
be determined. If hyperkalemia 
develops, substitute a thiazide alone, 
restrict K+ intake. Associated widened 
QRS complex or arrhythmia requires 
prompt additional therapy. Thiazides 
cross the placental barrier and appear 
in cord blood. Use in pregnancy 
requires weighing anticipated benefits 
against possible hazards, including 
fetal or neonatal jaundice, thrombo- 
cytopenia, other adverse reactions 
seen in adults. Thiazides appear and 
triamterene may appear in breast 
milk. If their use is essential, the 
patient should stop nursing. Adequate 
information on use in children is 

not available. 


Precautions: Do periodic serum 
electrolyte determinations (particu- 
larly important in patients vomiting 
excessively or receiving parenteral 
fluids). Periodic BUN and seram 
creatinine determinations should be 
made, especially in the-elderly, 
diabetics or those with suspected or 
confirmed renal insufficiency. Watch 
for signs of impending coma in severe 
liver disease. If spironolactone is used 
concomitantly, determine serum K+ 
frequently; both can cause K+ reten- 
tion and elevated serum K+ . Two 
deaths have been reported with such 
concomitant therapy (in one, recom- 
mended dosage was exceeded, in the 
other serum electrolytes were not 
properly monitored). Observe 


regularly for possible blood dyscrasias, 
liver damage, other idiosyncratic 
reactions. Blood dyscrasias have been 
reported in patients receiving triam- 
terene, and leukopenia, thrombo- 
cytopenia, agranulocytosis, and 
aplastic anemia have been reported 
with thiazides. Triamterene is a weak 
folic acid antagonist. Do periodic 
blood studies in cirrhotics with 
splenomegaly. Antihypertensive effect 
may be enhanced in post-sympathec- 
tomy patients. Use cautiously in 
surgical patients. The following may 
occur: transient elevated BUN or 
creatinine or both, hyperglycemia and 
glycosuria (diabetic insulin require- 
ments may be altered}, hyperuricemia 
and gout, digitalis intoxication (in 
hypokalemia), decreasing alkali 
reserve with possible metabolic 
acidosis. 'Dyazide' interferes 

with fluorescent measurement of 
quinidine. 

Adverse Reactions: Muscle cramps, 
weakness, dizziness, headache, dry 
mouth; anaphylaxis, rash, urticaria, 
photosensitivity, purpura, other 
dermatological conditions; nausea 
and vomiting, diarrhea, constipation, 
other gastrointestinal disturbances. 
Necrotizing vasculitis, paresthesias, 
icterus, pancreatitis, xanthopsia and, 
rarely, allergic pneumonitis have 
occurred with thiazides alone. 
Supplied: Bottles of 100 and 1000 
capsules; Single Unit Packages of 100 
(intended for institutional use only]. 
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Two new Lithium Pulse Generators 
from Siemens-Elema, 

the people who pioneered with the 

first implanted pacemaker in 1958. 


Dr. Rune Elmqvist of Siemens-Elema and Dr. Ake Senning developed the pulse generator implanted by Dr. Senning in 1958 for the world's first pacemaker implantation. 


The small, lightweight, The unique Vario" non-invasive 
anatomically contoured, threshold measurement system 
ventricular inhibited 208. in the ventricular inhibited 629. 
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* Small (36 cm?) and * Magnet placed over implanted 
lightweight (76 g.). generator initiates test sequence: 

* Soft, convex-concave design. rbv Lahn iic, codi 

* Hermetically sealed threshold determination. 
titanium encapsulation. * Compatible pin-type leads. 

* Highly reliable hybrid circuitry. * Hermetically sealed 

* Lithium-lodine power source. titanium encapsulation. 

* Two separate battery * Lithium-lodine power source. 
depletion indicators. * Two separate battery 

* Tangential lead connection. depletion indicators. 





WRITE U.S. Pacemaker Division, Elema-Schonander, Inc. WRITE 
FOR 208 Box 128, Elk Grove Village, Illinois 60007; (312) 640-6460. FOR 629 : 
World Headquarters, Pacemaker Division, S17195, Solna, Sweden BROCHURE 


BROCHURE 









Announcing bedside 
compulter-assisted | 
ECG interpretation 

within minutes 







TT === ~The new IBM 5880 ECG Acquisition and 
IBM Biomedical Systems Analysis System—an aid to informed 
Dias, te on quio decision making and quality patient care. 
Using the IBM ECG Analysis Program, designed by R. E. 
Bonner of IBM in consultation with patient-care cardiologists, 


I 
[O Please send me information | 
| the system provides a computer-assisted ECG interpretation 


on the IBM 5880 ECG Acquisition 
and Analysis System. . i 5 D z à : x 
Te for physician review within minutes—right at patient bedside. 
* Consists of a modern, mobile 3-channel electrocardio- 
graph using the IBM ECG Analysis Program 
* Provides a valuable aid to improved patient care in 
hospitals, groups, clinics, HMOs and in occupational medicine 
| e Offers, in STAT situations, prompt ECG acquisition and 
analysis, around the clock 
| * Serviced by the existing IBM customer engineering 
Street | organization, located countrywide for rapid response 
| 
= 


O Please ask your representative 
to call for an appointment. 





Hospital 








For information call toll-free 
800/631-5582 (in New Jersey, 
800/352-4960) or send coupon. 


_ City State Zip 
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.. for them, and for you. 


. Lopressor 


metoprolol tartrate 


Does not interfere with sex life of 
patients. 


Lopressor usually does not cause 
impotence or loss of libido, 
complaints which many male patients 
encounter with sympathetic inhibitors, 
but which they may be reluctant to 
discuss with their physicians. 


Rarely causes daytime sedation or 
postural hypotension. 


Most of the side effects that have 
occurred with Lopressor are mild 

and transient. For example, tiredness 
and dizziness occur in about 10% of 
patients; depressicn, diarrhea in about 
596. Lopressor is contraindicated in 
sinus bradycardia, heart block greater 
than first degree, cardiogenic shock, 
and overt heart failure. 


Easy to take twice-a-day dosage. 


Patients will also appreciate the 
easy-to-remember b.i.d. dosage of 
Lopressor. Since b.i.d. dosage is 
known to encourage patient 
adherence, this is another way that 
Lopressor improves your chances for 
long-term therapeutic success. 


Significantly reduces blood 
pressure when added to a diuretic. 


Lopressor caused a significant fall in 
blood pressure when given to 
patients already receiving a diuretic. 
Investigators reporting in the British 
Journal of Pharmacology concluded 
that "Metoprolol in combination with 
chlorthalidone appears to be an 
effective and well-tclerated treatment 
for mild and moderate hypertension 
in those patients not responding to 
chlorthalidone alone.’’* 


... the relatively 
selective 
beta blocker 
for hypertensio! 


Treatment Period 


Placebo + 
chlorthalidone 


Metoprolol + 
chlorthalidone 


one month 
Systolic BP (mmHg) 
158+4 supine 142+4 
160+5 standing 147+3 
Diastolic BP (mmHg) 
96+2 supine 87+1 
102+2 standing 94+1 
two months 
Systolic BP (mmHg) 
159+4 supine 146+4 
159+4 standing 147+4 
Diastolic BP (mmHg) 
96+2 supine 89+1 
101+2 standing 95+1 
three months 
Systolic BP (mmHg) 
158+5 supine 148+3 
159+4 standing 149+3 
Diastolic BP(mmHg) 
973-2 supine 871 
101:€2 standing 932-1 


Works primarily where it should... 
not where it shouldn't. 


Lopressor is the only relatively 
selective beta blocker available in 
the United States. Unlike the first 
generation beta blocker, propranolol, 
which is nonselective, Lopressor 
has a preferential effect on beta 
receptors involved in lowering blood 
pressure. It has less effect on beta 
receptors that do not relate to 
antihypertensive mechanisms. 


Please see last page of this 
advertisement for brief summary 
of prescribing information. 


* Jaáttelà A, Pyörälä K: A controlled study on 
the antihypertensive effect of a new B- 
adrenergic receptor blocking drug, meto- 
prolol, in combination with chlorthalidone. 
Br J Pharmacol 3:655-660, 1976. 











The relatively 
selective 
beta blocker 


for hypertension. 


Lopressor 
metoprolol tartrate 





Lopressor™ 
brand of 
metoprolol tartrate 


An antihypertensive 
beta-blocking agent 


Indications Lopressor. branc of metoprolol tartrate, 
iS indicated in the management of hypertension. It 
may be used alone or in combination with other 
antihypertensive agents, especially thiazide-type 
diuretics 


Contraindications Lopressor, brand of metoprolol 
tartrate, is contraindicated in sinus bradycardia 
heart block greater than first degree, cardiogenic 
shock, and overt cardiac failure (see Warnings) 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor, brand of metoprolol tartrate 
should be administered cautiously. Both digitalis 
and metoprolol slow AV conduction 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 
should be fully digitalized and/or be given a 
diuretic, and the response observed closely. If car- 
diac failure continues, despite adequate digitaliza- 
tion and diuretic, Lopressor, brand of metoprolol 
tartrate, therapy should be w thdrawn 


Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, myocardial infarction nave been reported 
Even in the absence of overt angina pectoris, when 
discontinuing therapy. Lopressor. brand of meto- 
prolol tartrate, should not be withdrawn abruptly, 
and patients should be cautioned against interrup- 
tion of therapy without the physician's advice 


Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor, brand of metoprolol tartrate, 
may be used with caution in patients with bron- 
chospastic disease who do not respond to, or 
cannot tolerate, other antihypertensive treat- 
ment. Since beta, selectivity is not absolute, a 
beta, -stimulating agent should be administered 
concomitantly and the lowest possible dose of 
metoprolol should be used. It may be prudent 
initially to administer metoprolol in three doses 
daily, instead of two, te avoid the higher plasma 
levels associated with the longer dosing inter- 
val. (See Dosage and Administration.) 


Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures 
Metoprolol, like other beta blockers, is 

tive inhibitor of beta-recepto ts and its ef- 
fects can be reversed by administration of such 
agents, e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported 
with beta blockers 


Diabetes Mellitus: Be:s-aarenergic blockade may 
mask symptoms of hypoglycemia (e.g.. tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor. brand of metoprolol tartrate 
should therefore be used with caution in diabetic 
patients, especially those with labile diabetes 
Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e€.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of deta blockade which 
might precipitate a thyroid storm 

Precautions Impaired Hepatic or Renal Func- 


tion: The drug should be used with caution in pa- 
tients with impaired hepatic or renal function 












is a competi- 


















Drug Interactions: Catecholamine-depleting 
drugs (e.g., reserpine) may have an additive effect 
when given with beta-blocking agents. Patients 
treated with Lopressor. brand of metoprolol tartrate 
plus a catecholamine depletor should therefore be 
closely observed for evidence of hypotension 
and/or marked bradycardia which may produce 
vertigo. syncope, or postural hypotension 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs. there was no evidence of drug- 
induced toxicity at or below oral doses of 105 
mg/kg per day. Two-yea: studies in rats at three ora 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in tne development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The-only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated contro: animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoproiol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women 
Lopressor, brand of metoprolol tartrate, should be 
used in pregnant women only when clearly needed 


Nursing Mothers: It is not known whether this drug 
is excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolo 


Usage in Children: Satety and effectiveness in 
children have not been established 


Adverse Reactions Most adverse effects have 
been mild and transient 














Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares, and insomnia have also 
teen reported but drug relationship is not clear 
Cardiovascular: Shortness of breath and 
tradycardia have occurred in approximately 3 of 
120 patients. Cold extremities, Raynaud's disease 
calpitations and congestive heart failure have been 
reported See Contraindications, Warnings, and 
Precautions. 

Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See 
Warnings. 

Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation 
flatulenze, and heartburn have been reported in 1 of 
190 or less 

Allergic: Pruritus has occurred in less than 1 of 100 
patients 

Miscellaneous: Peyronie's disease has been re- 
ported n less thar 1 of 100,000 patients 

The oculomucocu'aneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor, brand of metoprolol tartrate 
during investigaticnal use and foreign marketing 
experience 

Potentia! Adverse Effects: In addition, a variety of 
verse effects nct listed above have been re- 

d with other beta-adrenergic blocking agents 















por 
and should be considered potential adverse effects 
of metoprolol 


Central Nervous Svstem: Reversible mental de- 
pression progress ng to catatonia; visual distur- 
bances; nallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place. short-term memory loss, emotional lability 

s ightly clouded sensorium, and decreased per- 
formance on neuropsychometrics 

Cardiovascular: Intensification of AV block (see 
Contraindications 
hematclogic: Agranulocyto: 


















C: Erythemaious rash, fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress 

laneous: Reversible alopecia 

cal Laboratory Test Findings. Elevated blood 
urea levels in patients with severe heart disease 
e'evated serum transaminase, alkaline phos- 
lactate dehydrogenase 

Dosage and Administration Dosage o! Lopressor 
brand cf metoprolol tartrate, should be indi- 
vidualized. The usual initial dose is 50 mg twice 
daily whether usec alone or added to a diuretic 
Tne dosage may be increased at weekly (or longer) 
irtervals until optimum blood pressure reduction is 
achieved. In general, the maximum effect of any 
given dosage leve: will be apparent after one week 
of therapy. Usual maintenance dosage is approx- 
imately 100 mg twice a day, with a range of 100 to 
450 mg per day. Dosages above 450 mg per day 
have not been studied. While twice-daily dosing is 
effective and can maintain a reduction in blood 
pressure throughout the day, some patients, espe- 
c ally when lower cosages are used, will experi- 
ence a modest rise in blood pressure toward the 
end of tne 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
ead of tne dosing interval to determine whether 
satisfactory contro: is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
tFree times daily therapy, may achieve better con- 
trol. Beta, selectivty diminishes as dosage of 
Lopressor, brand cf metoprolol tartrate, is 
increased 

This drug should be stored at controlled room tem- 
perature and protected from moisture 

How Supplied Tablets of 50 mg (capsule-shaped 
scored, light red, fim-coated) and 100 mg 
(capsule-shaped, scored, light blue, film-coated) 
are supplied in bot'les of 100 and 1,000 and Unit 
Dose Packages of 100 

Store at controlled room temperature and protect 
from mcisture 
PFINTED INU S.A 
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The electrotonic interactions of a parasystolic pécemaket v with 
responses to the normal pacemaker across an area of depr 
tability were simulated in a model consisting of strands of canine Purkinje 
fibers mounted in a sucrose gap preparation. Experiments were. conducted 
to study the patterns of ectopic activity that result from entrainment of 
the “ectopic” pacemaker (EP) on one side of the sucrose gap by evoked | - 
responses (SN) on the other side of the gap. When one-way conduction: __ 
(“entrance block") was established, manipulations of the SN frequency E 
and of the impedance between the two outer chambers resulted in periods — 
of silence, concealed or manifest bigeminy, trigeminy and quadrigeminy, 
and periods of more complex patterns of group beating as the entrainment _ 
ratios changed. The results confirm the predictions of the previously de- 
scribed mathematical model that these patterns depend on the magnitude: 
of the electrotonic influence of SN on the EP cycle length and also onthe 
ratio of the intrinsic frequencies. These studies should help to distinguish - c 
between reentrant and parasystolic mechanisms in clinical arrhyth- — 
mias. UM 











Brief subthreshold depolarizations induced during the first half of the. — 
cycle of a spontaneous pacemaker delay the subsequent discharge of the 
pacemaker.!? Depolarizations of similar duration and magnitude in- _ 
duced late in the cycle accelerate the subsequent discharge. This biphasic —— 
influence, studied in a three chamber sucrose gap preparation of canine 
false tendon, was similar whether the depolarization was induced by __ 
current pulses or by spontaneous or evoked action potentials across the. 
gap.” The results suggest that a parasystolic focus protected but not —. 
insulated by an area of depressed excitability may be modulated by __ 
electrical events in the surrounding tissue; the spontaneous cyclelength | 
may be prolonged or abbreviated depending on the timing of the elec- ue 
trotonic influence. c 

In a recent investigation, the interactions between two pacemakers c 
were simulated in a computer model? An ectopic pacemaker (EP), 
protected but not completely insulated from ventricular responses to 
the primary (sinoatrial) S-A nodal pacemaker (SN), was programmed. = 
to respond along a biphasic curve of interaction similar to that observed = 
in isolated tissue. Computer runs covered wide ranges of SN frequencies — 
at several amplitudes of the simulated electrotonic influence. Wide 
phases of entrainment of the ectopic pacemaker at 1:1, 2:1 or higher ratios 
resulted. There were phases of *parasystolic" rhythms with variable 
coupling intervals, periods of fixed coupling with concealed or manifest. 
ectopic activity, and periods of silence in which no ectopic activity was 
manifest. The resulting patterns shifted in mathematically obligatory 
ways as the relation between the two frequencies was altered. 

The results obtained in the computer model were applied to clinical” 
examples of arrhythmias attributed to either ectopic pacemaker activity - 
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.(*true" parasystole) or to reentry (“extrasystolic” 
rhythms). The analysis of many published electrocar- 
. diograms revealed a remarkable similarity to the be- 
-havior of the computer model, suggesting that many 
patterns of arrhythmias ascribed to reentrant mecha- 
-nisms can be generated by a parasystolic focus. 
5 The mathematically obligatory rules that emerged 
from this study suggested additional tests in the biologic 
- model. In this study, these tests were conducted in ca- 
nine Purkinje fibers mounted in the sucrose gap 
- chamber. The evidence obtained from the mathematical 
. model? was applied to the study of the entrainment of 
a spontaneous pacemaker (EP) on one side of the area 
cof block (the sucrose gap) by a stimulated fiber segment 
across the gap in the ranges of 1:1, 2:1 and 3:1 entrain- 
“ment. Manipulations of the “SN” frequency and of the 
impedance between the two outer chambers resulted in 
- periods of silence, concealed and manifest bigeminy, 
trigeminy and quadrigeminy, and periods of complex 
but predictable patterns as the entrainment ratios 
shifted from one level to another. 


Methods 


, . Experimental model: The methods were similar to those 

described earlier.? Unbranched free-running false tendons, 
. excised from dog hearts, were placed in a three-chambered 
tissue bath (Fig. 1). Spontaneous pacemaker activity was in- 
duced in the segment of fiber in chamber 1 (“ectopic” pace- 
maker [EP]) by superfusion with Tyrede’s solution containing 
a reduced concentration of potassium (2 mM) plus epineph- 
rine, 0.1 gg/ml. Chamber 2, with a length of 1 mm, was per- 














fused with a solution containing sucrose (300 mM) and dex- 
trose (5 mM) to replace the ions of the extracell space and thus 
provide an area of conduction block; calcium chloride (0.1 
mM) was added to the solution to prevent cell uncoupling.* 
In all experiments, chamber 3 (“sinus node" |SN]) was per- 
fused with Tyrode's solution containing 4 mM potassium 
chloride. 

The preparations were positioned asymmetrically across 
the three chambers in such a way that the fiber segment in 
chamber 1 was longer than that in chamber 3. With this ar- 
rangement, only electrotonie propagation occurred from 
clamber 3 to chamber 1, but full action potential propagation 
occurred in the opposite direction; that is, unidirectional block 
was achieved. Except where otherwise noted, interaction 
patterns between the fiber segments EP and SN were studied 
by applying rhythmie stimuli 1 msec in duration and of twice 
threshold strength to the SN segment at various frequencies, 
while the EP segment was allowed to beat spontaneously. 
Transmembrane potentials were recorded as previously de- 
scribed.? For clarity, action potentials that overlap on the 
original film were projected and traced in all illustrations 
except Figures 11 and 12. 

To modulate the degree of block between EP and SN, an 
external shunt pathway with a variable resistor (200 kilo- 
ohms), was connected to coiled silver-silver chloride electrodes 
immersed in the two outer chambers. In three experiments, 
the upstroke of the action potential from EP was used to ac- 
tivate an electronic switch connected in parallel with the 
variable resistor. When the switch was in the “on” position it 
provided a shunt of 2800 ohms. between the chambers for a 
variable interval and allowed action potentials to propagate. 
In this manner, propagation from EP to SN was facilitated, 
whereas only electrotonic potentials propagated in the op- 
posite direction. 


FIGURE 1. Experimental set up. A = differential 
microeiectrode amplifier recording activity from 
EP (chamber 1). B = single ended amplifier re- 
cording from SN (chamber 3). Chamber 2 is the 
sucrose gap. CRO = cathode ray oscilloscope; 
mon = stimulus monitor; sync = oscilloscope 
synchronizing signal. Chambers 1 and 3 could be 
shunted with a variable resistor (200 kilo-ohms) 
connected to coiled silver-silver chloride elec- 
trodes. in some experiments the output from A 
was used to trigger a +15 voit signal of variable 
duration to activate an electronic switch, In the 
"on" position the switch provided a complete 
2 (2.8 kito-ohms) between chambers 1 and 
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Definitions: Intrinsic EP/SN ratio: the ratio of the un- 
modulated, free-running ectopic cycle length to the driven 
cyele length of SN. 

Operative EP/SN ratio: the ratio of the average actual EP 
cycle to the driven SN cycle. The ratio EP/SN is the same as 
SN/EP frequency. 

Entrainment ratio: the same as the operative SN/EP fre- 
quency ratio, that is, the number of stimuli applied to SN 
"divided by the number of actual discharges of EP within a 

given time period. In a bigeminal rhythm, for example, an 
"ectopic" response follows every driven response, but the 
entrainment ratio is 2:1 if a compensatory pause is allowed; 
- every second stimulus (like every second P wave in a clinical 
- example) would be blocked by interference. A 2:1 entrainment 
ratio can yield a 4:1 ratio of manifest ectopic activity; that is, 
every second ectopic discharge is “concealed.” 

Periodicity: the development of repetitive patterns. For 
example, a pattern of alternate (manifest) bigeminy and tri- 
geminy.may represent 5:2 entrainment and will repeat itself 
- every sixth response. 


uvm Results 
- "Entrance" Block and Parasystole 


To explain the protection of an ectopic pacemaker 
: from propagated activity in surrounding ventricular 
: tissue, it is necessary to assume unidirectional block 
-= “entrance” block) between the two tissues. Protection 
-need not be complete. The pacemaker frequency can be 
modulated by local circuit currents from the sur- 
rounding tissues and still manifest itself as parasystolic. 
- Figure 2 illustrates an experimental demonstration of 
this interaction. Two pacemakers were allowed to in- 

teract across an area of "entrance" block provided by 
. the sucrose gap. In all panels the upper tracing shows 
transmembrane potentials recorded from SN. Lower 
tracings were recorded from the spontaneous pace- 
maker, EP. The same impalements were maintained in 
panels A, B and C. 


Panel A of Figure 2 was recorded to illustrate the inter- 
action of two spontaneously active pacemakers across the 
area of conduction block. No stimuli were applied to either 
of the two active chambers. The average spontaneous EP cycle 
length was 1,297 msec; the spontaneous cycle length of the 
fiber beyond the gap was much longer, and a 3:1 conduction 
block from EP to SN was present. As the membrane potential 
of the SN fiber gradually approached threshold, the amplitude 
of the electrotonic potentials accompanying the EP discharges 
increased progressively. These changes reflect the progressive 
increase of membrane resistance during the slow diastolic 
depolarization of SN. When the electrotonic potential induced 
in SN by the third EP discharge reached threshold, SN fired 
an action potential that occurred 280 msec after EP, or at 22 
percent of the EP pacemaker cycle. The electrotonic effect of 
the SN discharge, occurring early in the EP cycle, was a 
delaying one; the EP cycle length was increased by 3.7 percent 
to 1,345 msec. At the time of the fourth and fifth EP dis- 
charges, the SN membrane resistance was low, the electrotonic 
potentials did not reach threshold, SN did not fire, and the 
EP cycle length resumed its intrinsic value. 

Panel B of Figure 2 was recorded to illustrate that a re- 
duction of the impedance between the two chambers can 
controllably reduce the degree of block; in this case, from 3:1 
“exit” block (panel A) to 1:1 transmission (panel B). At the 
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arrow a 30 kilo-ohm shunt was switched in to bridge the su- 
crose gap. A significant increase of the EP cycle length always 
accompanied this maneuver. An accurate estimate of the 
“intrinsic” cycle length of EP is no longer possible; however, 
when SN occurs very early, as in the second EP cycle, the 
electrotonic influence is very small, and therefore a reasonably 
close approximation can be made (1,375 msec): The greater 
delay attending the propagation of subsequent responses in 
panel B resulted in some prolongation of the EP cycles to 1,465 
msec. The clinical counterpart of this simulation would be a 
slow idioventricular rhythm with first degree exit block be- 
tween the ectopic pacemaker and the ventricle. - 

Panel C of Figure 2 illustrates one of the characteristic 
response patterns of the model when. SN, no longer allowed 


to respond spontaneously, was driven at a fixed frequency. 


simulating ventricular responses to a supraventricular: 
pacemaker. The same shunt resistance as in panel B was 
maintained, and unidirectional block was achieved. Propa- 
gation from EP to SN occurred whenever SN was excitable. 
Propagation from SN to EP did not occur; but electrotonié 
interactions were always present, appearing às alterations in 
the EP transmembrane potentials and as modulations of the 
EP cycle length. At the driven SN cycle length of 1,000 msec, - 
the intrinsic ratio of EP/SN cycles was 1,375/1,000, or 1.375. 
Modulation of the EP cycles yielded a *parasystolic" pattern 
of premature, interpolated and fusion beats, with a repeating 
period of 14:10. The coupling intervals manifest in the SN 
record were 920 msec for the premature response (P) (which 
is followed by a compensatory pause), 460 msec for the in- 
terpolated response (I) and 985 msec for the “fusion” beat (F). 





FIGURE 2. Electrotonic interactions between two pacemakers across 
an area of "entrance" block. Upper tracings in each panel were re- 
corded from chamber 3 (SN), tower tracings from chamber 1 (EP). Panel 
A, 15 minutes of sucrose perfusion. in panel B, a 30,000 ohm resistor 


was connected into the circuit at the moment indicated by the arrow. : : & 


In panel C, SN was driven at a cycle length of 1,000 msec. The numbers 
indicate the cycle length in msec. Transmembrane potentials were 
traced from projections of the original records. Calibrations are 50 mv 
and 2,000 msec. F = fusion beat; | = interpolated beat; P = premature 
beat. 


April 1879 The American Journal of CARDIOLOGY Volume 43 763. 





BIOLOGIC MODEL OF PARASYSTOLE—JALIFE AND MOE 


<o The interectopic intervals P-I and I-F, which clearly encom- 
i:o pass two and one EP cycles. respectively, are in the ratio of 
- 1.67, not 2.0. The reasons for this departure from "classic" 


< parasystolic behavior are apparent in the recorded cycles of 
EP. The intermediate SN discharge in the first EP cycle, oc- 
curring at 52 percent of its intrinsic cycle, delayed the EP 
discharge. The net effect of the two intervening SN responses 
in the second EP cycle was abbreviation. The single inter- 
. vening SN response in the third cycle caused still greater ab- 
breviation, and the two intervening SN responses in the fourth 
¿eyele caused prolongation. Although the average EP cycle 
_ during this episode was about 1,400 msec, the modulated cy- 
cles ranged from 1,220 to 1.470 msec.The variations in EP 
-cycle length were not random but were mandated by the bi- 
phasic electrotonic influence on the pacemaker. Modulation 


b of the intrinsic cycle (1,375 msec) within a range of about +10 





e 
3 
-— 
© 
a 
bat 
g 500 1080 1508 2800 
EP to SN interval (msec) 
2508 
> 2000 
w 
ga 
£ 
-— 
€ 
ul 1500 } 





24 30 4e 88 
2580 2090 1508 1000 


^ FIGURE. Biphasic influence and electrotonically mediated entrainment 
-Of a pacemaker (EP) by driven responses (SN) across an area of block. 
Panel A shows the percentage change of the Spontaneous EP cycle 
length (EPCL) (ordinate) as a function of the interval of SN with respect 
to the last EP discharge (abscissa), expressed in msec. The broken line 
represents no change in EP cycle length. Delay of EP occurs when SN 
arrives early in the EP cycle; acceleration occurs when it arrives late 
in the cycle. Panel B illustrates the entrainment of EP by periodic SN 
< driven discharges as a function cf the driving frequency. The ordinate 
represents the EP cycle length expressed in msec, and the abscissa 
the SN frequency (beats/min) and respective SN cycle lengths (SNCL) 
in msec. Entrainment is shown at the levels of 1:1 and 2:1. The broken 
line represents the relation that would exist if the two pacemakers were 
completely independent. 


120 Beats/min 
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percent depended reproducibly on the position of the SN 
discharges within the EP cycle. 

The example of parasystolic interaction shown in 
Figure 2 was chosen to illustrate the wide variations of 
coupling interval that are characteristic of classic par- 
asystole; the amplitude of the electrotonic influence was 
only +10 percent. At greater amplitudes, the entrained 
variations of EP cycle length increase, and the coupling 


‘intervals become constrained within narrower limits. 


The periodic pattern displayed in Figure 2C was 
maintained as long as the conditions were held constant. 
Slight variations in either the impedance between the 
chambers or in the SN driving frequency altered the 
pattern, but the alteration was always predictable, that 
is. in strict conformity with the rules of the mathemat- 
ical model. 


Entrainment 


In the biologic model, as in the mathematical model, 
an "ectopic" pacemaker can be entrained within wide 
ranges both above and below its intrinsic frequency. 
Figure 3 illustrates an example of ‘electrotonically 
mediated entrainment in one of five such experiments. 
The degree of electrotonic modulation, recorded as a 
function of the temporal position of stimulated SN re- 
sponses in the pacemaker cycle, is plotted in Figure 3A; 
the entrainment of EP as a function of the driving fre- 
quency in the same preparation is illustrated in Figure 
3B. 


The biphasic curve of Figure 3A was obtained in the same 
way as in earlier descriptions.?? After a stable series of spon- 
taneous cycles of EP, a single response of SN was initiated at 
various intervals in the pacemaker cycle, and the resulting 
delay or acceleration of the next discharge of EP was recorded 
as a percentage, plus or minus, of the average unmodulated 
cycle of 2,000 msec. Stimuli to SN early in the EP cycle de- 
layed the ensuing response of EP, up to a maximum of about 
21 percent. After a sharp reversal at 60 percent of the EP cycle 
(1,200 msec), evoked responses of SN accelerated the next 
discharge by more than 25 percent. 

The entrainment of EP that resulted from this electrotonic 
interaction was studied by allowing EP to fire spontaneously 
while the SN segment in chamber 3 was driven at cycle lengths 
of 740 to 2.140 msec, in steps of 50 msec or less. At each driven 
cycle length, responses were recorded until a stable rhythmic 
pattern was established, after which the intrinsic EP cycle was 
again recorded in the absence of driven responses. 

Entrainment of the pacemaker is apparent in Figure 3B 
as deviations from the horizontal broken line defining the 
intrinsic cycle of 2,000 msec. Entrainment at 1:1 is defined by 
the line of unit slope extending from a driven cycle length of 
2,140 msec (slower than the intrinsic frequency) to about 
1,400. At a frequency dictated by the reversal point in panel 
A, there is a phase of instability, followed by a stable phase of 
entrainment at 2:1, extending from the driven cycle of 1,280 
to 830 msec. Within this phase, the ectopic frequency was held 
at half the SN frequency. All points above the horizontal line 
represent slowing of the intrinsic frequency, and all points 
below the line represent acceleration. In the absence of mod- 
ulation of EP, the two frequencies would be completely in- 
dependent, and all points would fall on the horizontal line. A 
close fit was obtained when this graph was compared with a 
similar plot constructed from a computer program in which 
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the maximal electrotonic interactions were set at +20 and —20 
percent with a reversal at 60 percent. 


Fixed Coupling 


In the computer model, a parasystolic focus protected 
by “entrance block” may fire with a fixed coupling in- 
terval over a relatively wide range of S-A nodal 
frequencies if the electrotonic influence of responses in 
the surrounding ventricle is great enough and if the 
intrinsic cycle length of the ectopic pacemaker is suffi- 
ciently close to an integral multiple of that of the dom- 
inant pacemaker.* Fixed coupling may also occur in 
clinical examples of parasystole,? and it can be dem- 
onstrated in the biologic model as well. When the 
spontaneous cycle of EP is scanned with electrotonic 
depolarizations of relatively large amplitude, the tran- 
sition from maximal delay to maximal acceleration can 
be very abrupt (Fig. 3A). Under these circumstances, 
as the slope of the biphasic relation approaches unity, 
coupling intervals become nearly fixed at very short or 
very long values. 


The critical dependence of the coupling interval of an ec- 
topic beat on the phase relations between the normal and 
ectopic pacemaker cycles is illustrated in Figure 4, obtained 
from the sucrose gap model. In panels A and B, the upper 
traces represent intracell recordings from SN, driven at a cycle 
length of 1,000 msec. Transmembrane potentials from EP are 
traced in the lower records. The intrinsic cycle of the “ectopic 
pacemaker" (in the absence of electrotonic influence) was 
1,550 msec, indicated by the action potentials traced with 
broken lines. In this experiment, the upstrokes of the action 
potentials recorded from EP were used to trigger the electronic 
switch across the gap (see Methods) to permit full action po- 
tential propagation from EP to SN and only electrotonic de- 
polarizing influences in the opposite direction. In panel A the 
second (driven) SN response occurred at 58 percent of the EP 
intrinsic cycle (910 msec). The electrotonic influence of SN, 
apparent as a subthreshold depolarization in the EP trans- 
membrane potential, increased the EP cycle length to 1,815 
msec (17 percent delay). This response propagated across the 
gap and appeared in the SN record just a few msec in advance 
of the next driven response (F). In an electrocardiogram this 
would have been recorded as a "fusion" beat. In panel B the 
second SN occurred 920 msec after the first EP discharge, or 
at 59 percent of its intrinsic cycle. The electrotonic influence 
of SN then accelerated the EP discharge by 19 percent, to a 
cycle of 1,255 msec. The accelerated EP discharge in panel B 
also propagated across the gap and produced an interpolated 
and closely coupled premature beat (E) in the SN trace. Under 
these conditions, coupling intervals were either very brief, as 
in Figure 4B, or very long, as in Figure 4A. Intermediate in- 
tervals between the two extremes did not occur. 

The critical timing of events in Figure 4, A and B, suggests 
that a slight acceleration of SN must lead to closely coupled 
"extrasystolic" activity, and a slight deceleration to complete 
absence of manifest ectopic activity. An example of this 
phenomenon was found in one of the computer programs in 
which the programmed electrotonic influence was +15 percent 
and is illustrated in Figure 4C. The ordinate scale represents 
the cycle length in msec of successive ventricular responses; 
manifest premature responses with brief coupling intervals 
fall below the horizontal line that defines the simulated SN 
frequency. The ratio of intrinsic cycle lengths was almost the 
same as in the biologic examples illustrated in Figure 4, A and 
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B. When the simulated SN frequency was 60 beats/min (cycle 
length 1,000 msec), the “ectopic pacemaker” (intrinsic cycle 
1,575) generated responses that propagated to SN as closely 
coupled beats or as fusion beats, as in Figure 4, A and B. When 
the SN frequency was accelerated to 61 beats/min, a trigem- 
inal rhythm appeared, with fixed coupling of the early pre- 
mature responses. When SN was slowed to 59 beats/min, 


manifest ectopic activity disappeared, although 3:2 entrain- o 


ment of EP was still present. 


The sensitivity of the ectopic pattern to slight changesin 


the SN frequency is not unique to the cycle length ratios that 
characterize the experimental and computed examples in... 
Figure 4. A similar set of patterns was recorded in the sucrose ^ 
gap model when the intrinsic ratio of EP cycle to SN cycle was 
approximately 1.4. In the examples shown in Figure 5; re- 
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FIGURE 4. Fixed coupling related to phase relations between EP and 
SN. In panels A and B, upper and lower tracing are transmembrane 
potentials from SN and EP, respectively. SN cycle length = 1,000 msec; 
EP intrinsic cycle length = 1,550 msec (broken line tracings), In panel | 
A the second SN response (vertical line) occurred at 910 msec of the = 
EP cycle. In panel B the second SN response occurred at 920 msec. 
Transmembrane potentials were traced from a projection of the original 
recordings. Calibrations are 50 mv and 2,000 msec. Panel C, interval 
between successive responses; computer output translated into 
matching time. The vertical scale is in msec; the horizontal axis iridi- 
cates the beat number. Numbers above the graphs indicate the simu- 
lated SN frequency. Numbers below the graphs represent the corre- 
sponding entrainment ratios. The arrows show the position of concealed 
ectopic discharges. Premature responses are followed by compen- 
satory pauses. E = extrasystole; F = fusion beat. 
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Cecorded in the same manner as those in Figure 4, A and B, the 
"upper tracing in each panel is a simulated electrocardiogram, 
<- with the onset of the “R” waves coincident with the driven 
‘responses in the SN chamber; the lower tracings represent the 
spontaneous discharges of EP. The intrinsic cycle length of 
CORP was 2,390 msec, indicated by the broken lines. In panel A 
of Figure 5 the SN cycle was set at 1,760 msec (intrinsic ratio 
1.36). One-to-one entrainment of EP occurred; each response 
of EP occurred within the refractory period of SN, and there 
‘Was no manifest ectopic activity. The operative ratio of EP to 
“SN was thus reduced to 1.0. In Panel B a pattern similar to 
that in Figure 4 was recorded. When the driven cycle length 
of SN was abbreviated to 1,710 msec (a reduction of less than 
3 percent), closely coupled "premature" interpolated re- 
sponses alternated with fusion beats. In Panel C the driven 
:€ycle was further abbreviated to 1,670 msec, and a bigeminal 
- rhythm resulted with fixed coupling of interpolated responses 
“at an entrainment ratio of 1.8. The change from no manifest 
< activity to bigeminy with fixed coupling occurred over a fre- 
` quency range of only 5 percent. 


_ Conduction Delay and Refractory Period 


_ In the initial program of the mathematical model, 
propagation of a response from EP to SN was immedi- 
© ate and obligatory when SN was excitable; that is, no 








i 


_ FIGURE 5. Coupling intervals and ectopic response patterns in relation 

- tO SN frequency. Upper tracings in each panel are simulated electro- 
- cárdiograms constructed from. projected transmembrane potential 
recordings in SN (chamber 3); lower tracings were recorded from EP. 

“The intrinsic EP cycle length (2,390 msec) is indicated by the broken 
line tracings. SN cycle length was set at 1,760, 1,7 10 and 1,670 msec 
in panels A, B and C, respectively. Calibrations are 2,000 msec and 
50 mv. F = fusion beat. 





provision was made for delayed conduction within a 
relatively refractory period. Analysis of some clinical 
examples, together with the experiments reported in 
this study, demonstrate that this is an oversimplifica- 
tion and that conduction delay may also favor the 
phenomenon of fixed coupling. 
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FIGURE 6. Dependence of the coupling interval on refractoriness and 
conduction delays. Upper tracing in each panel is.a transmembrane 
potential recording from an SN cell (chamber 3); lower tracing repre- 
sents transmembrane potentials from an EP cell (chamber 1). Basic 
stimuli (S1) were applied to SN. Test stimuli (85, Sz and S4) were applied 
tc EP at progressively briefer intervals. in panel A, all three chambers 
were perfused with normal Tyrode's solution. In panel B, 15 to 20 
minutes of sucrose perfusion (shunt resistance. 10 kilo-ohms) was used. 
Superimposed tracings are from projections of the original film. Cali- 
brations are 250 msec and 50 mv. BCL = basic cycle length. 
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Figure 6 was obtained from a sucrose gap experiment in 
which the influence of refractoriness on conduction time and 
on coupling intervals was studied. In both panels, the upper 
tracings were recorded from SN and the lower tracings from 
EP. The same impalements were maintained in both panels. 
Panel A shows the results obtained when all three chambers 
were perfused with Tyrode’s solution containing 4 mM po- 
tassium chloride. The superimposed traces show the responses 
to the last of 15 basic stimuli (S,) applied to SN at a basic cycle 
length of 1,000 msec, and the responses to progressively earlier 
test stimuli (S2, $4 and S4) applied to EP after every 15th basic 
response. Conduction time between the impaled cells when 
stimuli were applied at complete repolarization during diastole 
(not shown in the figure) was 4 msec. Although the amplitude 
of the EP action potentials decreased as the test stimulus in- 
terval was decreased, the conduction interval was not signif- 
icantly affected; propagation occurred at nearly full speed, and 
the coupling intervals in SN were equal to the stimulus in- 
tervals. 

The superimposed traces in panel B of Figure 6 were se- 
lected from the same experiment and were obtained 15 to 20 
minutes after sucrose superfusion was started in the central 
thamber. The shunt resistance in the external pathway was 

-setata low value (10,000 ohms) to permit action potentials 
to propagate in both directions. Under these circumstances, 

. the action potentials induced by the basic stimuli (S) were 
-< delayed by 10 msec between the impaled cells; this is apparent 
| as a "foot" in the action potential of the EP response (Panel 
B, bottom tracing). When S; was applied to the EP end of the 
preparation at an interval of 400 msec, at a time when the fiber 

+ had not completely repolarized, the response crossed the gap 
and activated the SN cell with a conduction interval of 16 


FIGURE 7. Bigeminy. Panel A shows the 
intrinsic EP cycle length (lower tracing). 
The shunt resistor permitted 1:1 propaga- 
tion to SN (upper tracing). In panel B, SN 
was driven at a cycle length of 500 msec, 
and a 2:1 entrainment of EP was estab- 
lished, with all EP discharges falling within 
the refractory period of SN. In panel C, the 
SN cycle was set at 400 msec; 2:1 en- 
trainment persisted but concealed bi- 
geminy became apparent. In panel D, the 
value of the shunt resistance was slightly 
increased, producing a pattern of true bi- 
geminy with each premature response 
followed by a compensatory pause. The 
impalements are the same in all panels. 
;. Transmembrane potentials were traced 
from projections of the original film. Cali- 
| -brations are 2,000 msec and 50 mv. 
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msec. When the test stimulus interval was decreased to 380... 
msec (S3) and to 370 msec (S4), conduction across the gap was 
delayed by 36 and 46 msec, respectively, and the “coupling. 
interval" in SN was thus fixed at 416 msec, an interval 
equivalent to the functional refractory period of the sys- 
tem. : 
Clearly, the degree of refractoriness of the ventricles : 
plays a role in determining the coupling intervals of | 
premature beats originated in an ectopic pacemaker 
surrounded by an area of depressed excitability. When 
these provisions were incorporated into the computer. : 
programs, the model readily approximated the clinical 
examples.’ 
Bigeminy : 
In the initial study of electrotonic influences in the 
sucrose gap model, an attempt was made to induce a - 
bigeminal rhythm. The stimulated end of the fiber was 
driven at a frequency twice the intrinsic frequency of. 
the "ectopic" pacemaker, but bigeminy did not occur. - 
After the computer model was developed,’ it became 
apparent that (1) 2:1 entrainment occurs on both sides: 
of the intrinsic ratio of 2 (Fig. 3), but manifest bigeminy | 
can occur only at the upper extreme of that zone, that. 
is, at intrinsic EP/SN ratios exceeding 2 by an amount. 
that depends directly on the amplitude of the electro- 
tonic influence; and (2) the range of ratios for manifest 
(and stable) bigeminy is surprisingly narrow. In addi- ` 
tion, it was necessary to establish conditions for unidi- : 
rectional ("entrance") block and for compensatory 
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< pauses following the successful emergence of ectopic 
responses. When these mathematically obligatory 
conditions were met, it was possible to reproduce most 
of the computer-generated patterns in the biologic 
model. 

Patterns of concealed and manifest bigeminy within a zone 
of 2:1 entrainment are illustrated in Figure 7. The upper 
tracings represent action potentials recorded from the SN end 
of the fiber, and the lower tracings represent those from the 
active pacemaker (EP). In panel A the pacemaker was allowed 

-= to beat spontaneously. These responses propagated to SN with 
:::a delay of about 100 msec. In panel B, SN was driven ata cycle 
-- length of 500 msec. Entrainment of EP occurred at a ratio of 
| 2:1, that is, at an operative cycle length of 1,000 msec. EP fired 


& _ Within the refractory period of SN; accordingly, no manifest 


ectopic activity appeared. This is within one of the silent zones 
predicted by the mathematical model.? In panel C, the SN 
cycle was reduced to 400 msec; concealed bigeminy occurred 
< ata 42 ratio, with every other EP response falling within the 
. refractory period of SN. The manifest premature responses 


e were followed by compensatory pauses, as the subsequent 
.. driving stimuli fell within the refractory period of the pre- 


mature beat. As in the computer program, the actual EP cycles 
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FIGURE 8. Trigeminy. The upper tracing in each panel corresponds to 
SN and the lower tracing to EP. Panel A shows the intrinsic EP cycle 
length with 1:1 propagation to SN. In panel B, SN was driven at a cycle 
length of 725 msec (intrinsic EP/SN ratio = 1.92). A 3:2 entrainment 
was present, and EP discharges propagated to SN with a pattern of 
concealed trigeminy (3n — 1). In panel C, the SN cycle length was de- 
creased to 7 10 msec. Entrainment at 3:2 persisted, but trigeminy was 
apparent. The transmembrane potentials and simulated electrocardi- 
ogram in panels B and C were traced from projections of the original 
recordings. Calibrations are 3,000 msec and 100 mv. 
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alternated between +50 and —50 msec from the average en- 
trained cycle of 800 msec. In panel D, the amplitude of the 
electrotonic influence was decreased by adjusting the resis- 
tance in the shunt between the two chambers, Quadrigeminy 
was then replaced by manifest bigeminy in the SN end of the 
fiber. 


The sequence of events in Figure 7 bears out the 
predictions of the mathematical model: acceleration of 
SN leads from silent entrainment to concealed bigeminy 
to frank bigeminy. Further acceleration, not shown in 
the figure, causes a break away from 2:1 entrainment. 


Trigeminy 

Ás predicted by the computer model, the entrained 
cycle length of EP is constant at the level of 2:1 en- 
trainment. When the level is 3:2, cycles longer and 
shorter than average alternate, and ectopic activity can 
emerge in a pattern of concealed or frank trigeminy, 
depending on the intrinsic ratios. 

The experiment illustrated in Figure 8 demonstrates this 
phenomenon. The top tracing in panel A shows transmem- 
brane potentials recorded from SN; the bottom tracings in all 
panels were recorded from EP. The top tracing in panels B 
and C is a simulated electrocardiogram in which the upright 
“R” waves are traced at the moment of the recorded SN action 
petentials, and the downward dips represent the manifest 
“ectopic” responses propagated from EP. Panel A shows the 
ccntrol records during sucrose perfusion in chamber 2. The 
intrinsic cycle length of EP (bottom tracing, panel A) was 
1,395 msec. The shunt resistor across the gap was adjusted to 
permit unidirectional action potential propagation from EP 
to SN; conduction time between the impaled cells was 68 msec. 
In panel B, SN was driven at a cycle length of 725 msec (in- 
trinsic EP/SN ratio = 1,395/725 = 1.92), EP was entrained at 
3:2; the average operative EP cycle was 1,087.5 msec, but the 
actual cycles alternated between 970 and 1,200 msec. Action 
potentials propagated from EP to SN with a constant coupling 
interval of 645 msec after every two, five or eight driven SN 
responses, producing the characteristic pattern of concealed 
trigeminy.? Note that the "interectopie intervals" fit the 
classic pattern of parasystole; all are simple multiples of 1,087, 
although none of the ectopic cycles fire at that interval. In 
panel C, the SN cycle length was decreased to 710 msec (in- 
trinsic EP/SN ratio = 1.98). Entrainment persisted at the 3:2 
operative ratio, and frank trigeminy appeared with a manifest 
premature response occurring after every two driven SN 
beats. 

Figure 9 was constructed to permit a comparison between 
the events recorded in Figure 8B and the pattern that would 
have existed if there were no electrotonic interactions. Figure 
9A is a diagram of the temporal relations between SN and EP, 
precisely as recorded in the episode of “concealed” trigeminy 
in Figure 8B. During this episode, the average cycle length of 
the ectopic pacemaker was reduced by nearly 25 percent. as 
a result of the electrotonic influence of SN, that is, from 1,395 
to 1.087 msec. If there had been no electrotonic influence, the 
pattern depicted in Figure 9B would have occurred. Starting 
at the same reference time as in Figure 9A, each of nine suc- 
cessive EP discharges would have fallen within the refractory 
period of SN, in a pattern that would reproduce itself ap- 
proximately every 43 SN responses. 


Quadrigeminy 


À quadrigeminal pattern manifested in Figure 7C is 
an example of concealed bigeminy. "True" quadri- 


iion from EP to SN. The varying inclination of these lines 


FIGURE 9. The diagram in panel A shows the temporal 
relations between SN and EP as recorded in Figure 8B and 
explains the mechanisms involved. Panel B represents 
the hypothetical case of a completely independent EP 
pacemaker firing at a fixed cycle length of 1,395 msec. 
The vertical lines indicate SN activation (driven cycle 
length 725 msec) in the upper tracings and time of EP 
discharge in the lower tracings. Refractory period in SN 
(560 msec} is indicated by the horizontal lines. Numbers 
between lines in panel À represent the electrotonically 
modulated EP cycle length. "Entrance" block from SN 
to EP was present in panel À (see Fig. B) and was also 
assumed in panel B. The oblique lines indicate conduc- 


represents the varying conduction time through the su- 


-Grose gap, and the short lines at right angles to them 


indicate conduction block. Successful propagation from 
EP to SN is indicated by the arrows and the asterisks. 


- geminy is illustrated in Figure 10, taken from an ex- 


periment in which 2:1 entrainment was converted to 4:1 


2 entrainment by a sudden change in the SN cycle length. 


- In this experiment an electronic switch triggered by the 
- upstroke of the EP action potential was used to shunt 
__ the two outer chambers (see Methods). The switch was 


-maintained in the “on” 
. mitting action potentials to propagate from EP to SN 
but only electrotonic depolarizations to pass in the op- 


position for 100 msec, per- 


: posite direction. 


Figure 10A was recorded to illustrate the intrinsic cycle 
length of EP during sucrose perfusion of the central chamber, 


- with the shunt pathway switched in. No stimuli were applied. 


In panel B, SN was driven at a cycle length of 1,000 msec. 
Action potentials did not propagate from SN (entrance block), 
but their electrotonic effects were manifest as a net acceler- 
ation of EP. The electrotonic modulation induced a 2:1 en- 
trainment with every EP discharge falling within the refrac- 
tory period of SN; no manifest EP activity appeared on the 
SN. trace. Panel C was obtained 4 seconds after the basic 
driving cycle length of SN was suddenly reduced to 500 msec. 
A 4:1 entrainment was now present, with one EP propagating 


~ after every three SN beats and with a fixed coupling interval 


r 





of 345 msec. Each propagated action potential was manifest 
as a premature beat in SN followed by a compensatory pause 
producing the typical pattern of a quadrigeminal rhythm. 


Exit Block 


The region of depressed conductivity that provides 
entrance block and "protection" of an ectopic focus may 
also be expected to impede the exit of impulses from the 
pacemaker. Intermittent first or second degree exit 
block has been invoked to explain perturbations of the 
rhythmic patterns in cases of parasystole. In some cases 
the patterns can be explained in terms of electrotonic 
modulation and entrainment of the parasystolic pace- 
maker,? but varying degrees of exit block surely must 
occur. An example published by Pick et al.’ (their Fig- 
ure 8) is reproduced in Figures 11 and 12. The cardinal 
feature in this case was ventricular tachycardia with 
alternation of the cycle lengths between 580 and 680 
msec. In the construction of Figure 11A, Pick et al.? 
postulated an ectopic focus firing at a constant cycle 
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length, with alternating conduction times ity the exit 
pathway. 
In Figure 11B action potentials are recorded. from : 
a spontaneously discharging pacemaker (lower trac- 
ing) in a sucrose gap preparation. One-to-one propa- 
gation across the gap was established by adjusting the 





shunt resistance to a level just short of that at which 
second degree block was manifest. Conduction time __ 
across the gap alternated between 30 and 90 msec and | 





FIGURE 10. Quadrigeminy. Upper tracings in each panel are recordings 


from SN, lower tracings from EP. The impalements are the same inall ^. 
panels. An electronic switch shunted the two outer chambers for 100 ~ : 


msec every time EP fired. Panel A shows the intrinsic EP cycle fength. 


in panel B, SN was driven at a cycle length of 1,000 msec. EP was — : 
entrained at 2:1, and no premature discharges occurred. In panel C, — 


a sudden change of the SN cycle length to 500 msec produced a A t- 


entrainment with one premature EP discharge (followed by a come: 9 


pensatory pause) propagating every third SN driven response. Tracings - 


are drawn from projections of original film. Calibrations are 2,000 msec 


and 50 mv. 
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resulted in an alternation in the cycle lengths in the 
“ventriele” beyond the gap. The major difference from 
the postulated schema in Figure 11A is that the cycle 
lengths of the pacemaker itself also alternate, which is 
an obligatory consequence of the electrotonic influence 
of the action potentials generated beyond the gap. The 
delayed responses, indicated by the arrows, fell later in 
the ectopic pacemaker cycle and delayed the su bsequent 
discharge slightly more than those that propagated 
more quickly. Nevertheless, the experimental results 
indicate that alternating conduction times can occur 
with one-to-one transmission. 

In the example reproduced in Figure 12A, Pick et al.7 
postulated second degree block in the exit pathway, 
causing a 3:2 pattern between the ectopic focus (firing 
at a constant cycle length of 420 msec) and the sur- 
rounding ventricle. In tracings recorded from another 
sucrose gap preparation (Fig. 12B), the model exhibits 

.a 3:2 Wenckebach pattern, leading to alternating cycle 
- lengths in the tissue beyond the gap. Again, electrotonic 
effects reflected back to the pacemaker cause obligatory 
(and predictable) variations in the spontaneous cycle. 
Except for the postulated fixed rate of the pacemaker 
in the clinical case, the model demonstrates the feasi- 
bility of the proposed mechanism. 


Discussion 
Attributes and Criteria of Extrasystole 


In the sucrose gap model of parasystole, we demon- 
` strated that the patterns of ectopic activity and en- 
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FIGURE 11. Example of "exit block" from a parasystolic focus pub- 
lished by Pick et al." as their Figure 8 (reproduced from Fisch, C: 
Complex Electrocardiography 1, Cardiovascular Clinics, Vol 5, no. 3; 
Philadelphia, FA Davis, 1973, with permission of the authors and pub- 
lishers). Panel A shows a lead HI electrocardiogram from a patient with 
ventricular tachycardia with alternating cycle lengths. The diagram 
below the tracing shows a hypothetical ectopic pacemaker discharging 
ata fixed rate and propagating with alternating brief and long conduction 
delays. Panel B was recorded frcm a sucrose gap preparation. The 
upper tracing corresponds to SN, the lower tracing to EP. The diagram 
under panel B indicates the actual cycle durations and conduction 
delays across the gap. Note that when EP propagates promptly, SN 
occurs very early and the EP cycle is brief. When EP propagates slowly 
(arrows), SN occurs late and the EP cycle is prolonged. 


trainment that result from electrotonic interactions 
across an area of depressed excitability depend on the 
magnitude of the electrotonic influence on the pace- 
maker cycle length and on the ratio of intrinsic 
frequencies, in a manner predicted by a mathematical 
model.? ''hese results, together with previous reports 
from this laboratory, offer a plausible interpretation of 
parasystolic and other extrasystolic arrhythmias. 

Unidirectional block: The concept of “entrance 
block," invoked by Kaufman and Rothberger? to ex- 
plain the apparent independence of a parasystolic focus, 
is well established and is merely a special case of uni- 
directional block. The use of a sucrose gap in the biologic 
model is a convenient way of providing an area of de- 
pressed conductivity in imitation of the local conditions 
that must exist in the clinical situation. 

It has been suggested that phase 4 depolarization may 
itself be responsible for the entrance block that protects 
a parasystolic focus.” The suggestion is based on the 
assumption that the reduced rate of depolarization 
(dv/dt of phase 0) that accompanies diastolic depolar- 
ization is the major determinant of conduction velocity. 
However, it is clear from previous observations that 
diastolic depolarization of a Purkinje fiber pacemaker 
facilitates rather than retards conduction 29.11 As long 
as the threshold voltage at which phase 0 of the action 
potential is triggered remains constant, any approach 
to that threshold engendered by diastolic depolarization 
wil! improve the chance of capture of an ectopie pace- 
maker by an invading wave front from the surrounding 
tissue. Furthermore, the increased membrane resistance 
anc the related increased space constant that are known 
to accompany slow diastolic depolarization increase the 
magnitude of the electrotonic depolarization that pre- 
cedes the advancing wave front (Fig. 2A). 

The conditions that favor one-way block (local isch- 
emia, local elevation o potassium, asymmetric stretch) 
are all likely to occur in damaged myocardium. Like the 
sucrose gap, the region of impaired conductivity does 
not need to “conduct” an impulse; it only needs to serve 
as an ionic channel for the transmission of electrotonic 
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FIGURE 12. Same example as in F igure 10 (reproduced from Pick et 
al,” with permission), showing a second possible mechanism for 
ventricular bigeminy (panel Ai. Panel B was obtained from a sucrose 
gap preparation and shows an equivalent experimentai record. A 3:2 
Wenckebach periodicity between EP (lower tracing) and SN {upper 
tracing) is apparent. EP did net fire at a fixed rate, but its cycle length 
varied according to phase relations. 
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influences. The degree of block, which will determine 
the amplitude of the electrotonic influence, will depend 
on the length of the depressed area, the geometry of the 
system and on the passive and active electrical prop- 
erties of the tissues involved. 

Fixed cycle length: The fixed cycle length believed 
to be a necessary attribute of classic parasystole is 
clearly not a proper diagnostic criterion. This was ap- 
parent in the analysis of the mathematical model? and 
also in the biologic model. In the example illustrated in 
Figure 2C, interectopic intervals encompassing two and 
one ectopic cycles are related as 1.67 to 1, not 2 to 1. In 
a comparable clinical record one could postulate that 
the actual frequency of the ectopic pacemaker was three 
times as fast as EP in that illustration, yielding the de- 
sired simple harmonic ratio of 5:3; however, that sup- 
position would necessitate the further supposition that 
intermittent exit block conceals the true situation. 
Electrotonic interaction explains the situation in terms 
of pacemaker modulation. Fixed cycle length cannot be 
an obligatory feature of a parasystolic focus. 

There are occasions when the classic common de- 
nominator hypothesis applies to manifest interectopic 
intervals in the experimental model and, presumably, 
also to clinical situations. A fortuitous example is evi- 
dent in Figure 8B, in which all of the interectopic in- 
tervals are simple multiples of 1,087 msec, although the 
actual ectopic cycles vary between about 970 and 1,205 
msec. 

Entrainment of the pacemaker: Entrainment of 
an ectopic pacemaker is an obligatory consequence of 
its electrotonic interaction with the surrounding tissue. 
Wide zones of entrainment at simple ratios (1:1, 2:1, 3:1) 
are the rule in both the mathematical and biologic 
models. The breadth and position of the entrainment 
zones is a function of the amplitude of the interaction 
and also of the symmetry of the positive and negative 
phases and of the point in the pacemaker cycle at which 
the switch from positive to negative occurs. In the ex- 
ample shown in Figure 3, the zone of 2:1 entrainment 
extends from an intrinsic ratio of about 1.7 to nearly 2.5, 
when the measured electrotonic modulation of the 
pacemaker cycle was +21 and —26 percent at the re- 
spective maxima. When the biphasie curve of influence 
recorded in another experiment, in which the measured 
modulation reached 30 percent, was translated to the 
computer model, the 2:1 zone extended from an intrinsic 
ratio of 1.8 to nearly 3.0. The consequence of interaction 
of that magnitude is illustrated in Figure 7, in which 
manifest bigeminy was present when the intrinsic ratio 
of cycle lengths was 1,230/400, or greater than 3 to 1. 

Fixed coupling: Fixed coupling of premature re- 
sponses could occur by chance even if the ectopic 
pacemaker were completely independent of electrotonic 
influence from the surrounding tissue. Where entrain- 
ment of the pacemaker occurs, as was shown in the 
mathematical model, fixed coupling can be obligatory 
over certain broad frequency ranges. Fixed coupling was 
an even more striking attribute of the biologic model, 
as demonstrated in the experiments shown in Figures 
4 and 5. The sharply defined phase shift from maximal 
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delay to maximal acceleration in those experiments was 
responsible. À natural consequence is that shifts be- 
tween frequent and closely coupled premature depo- 
larizations (as in "extrasystolic" bigeminy) and com- 
plete silence may accompany minor changes in the 
frequency of the dominant pacemaker (Fig. 4C and 5} 
If the efficacy of an antiarrhythmic drug is to be as- . 
sessed in terms of reduced incidence of ectopic activity, 
it is important to determine how much of the effect may 
be a simple consequence of a change in the basic heart 
rate.1?.? Atropine, for example, could be a remarkably 
effective antiarrhythmic agent under certain conditions, 


not by “overdrive suppression" of an ectopic pacemaker, _- 


but by accelerating the heart to a range where the 
EP/SN ratio falls in a “silent” zone. LOIS 
Conduction delays: first and second degree exit 
block: In the mathematical model, conduction delay _ 
was, for convenience, not incorporated in most of the- 
computer runs.? It is perhaps surprising that so many — 
features of clinical arrhythmias appeared to fit the - 


model because conduction delays of varying degrees 
must surely occur in living tissue. Even examples pre- 


viously attributed specifically to second degree exit. - 


block could be matched almost quantitatively by the _ 
model. If, as in the mathematical model, the ventricular © 
response to an ectopic discharge and the ectopic event. — 
itself are programmed to occur simultaneously, the re- 
sulting ventricular event can have no reciprocal inflü- 


ence on the ectopic pacemaker. But both entrance and. 


exit delays are clearly evident in the biologic model. 
When the exit delay is minimal, the manifest ectopic: _ 
response in the ventricle occurs too early to cause an 


appreciable prolongation of the pacemaker cycle. Ifthe 
exit delay is large (it can exceed 100 msec even in the 
sucrose gap model) and if the intrinsic cycle is brief, 
then a significant reciprocal influence may be expected... 
This is clearly quantitatively significant in estimating 
the magnitude of pacemaker interactions but probably. 

does not greatly alter the basic analysis of parasystolic 


pacemaker behavior. For example, the experiments il- 


lustrated in Figures 11 and 12 demonstrate that first... 
and second degree exit blocks can and do occur in the 
biologic model but that the variations in conduction 
intervals result also in predictable variations in the ec- 


topic cycle lengths. The difference between the exper- =- 
imental models and the hypotheses invoked to explain 


the clinical pattern is thus only a quantitative detail. 

Patterns of ectopic activity in the biologie model: 
One of the lessons learned from the mathematical model — 
was that stable patterns of bigeminy and trigeminy did 
not occur at the expected intrinsic ratios of 2:1 and 3:1. . 
but were displaced to the right in the respective en- — 
trainment zones. When the electrotonic influence was 
great, the displacement was unexpectedly large. When 
these lessons were applied to the sucrose gap model, : 
bigeminy and trigeminy were readily demonstrable. 


Zones of concealed bigeminy and trigeminy were also - 
demonstrable in the biologic model. As predicted, they 
fell within the 2:1 and 3:1 entrainment zones immedi: | — 


ately to the left of the zones of bigeminy and trigeminy. © 2 
Other patterns, including wide zones of "silence," were = 
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< also demonstrable in the sucrose gap model, lending 
support to the general hypothesis that many patterns 
-of ventricular ectopic activity previously ascribed to 
other mechanisms may be the result of the modulated 
discharge of parasystolic foci. 


S Diagnostic Implications 


^. The possible clinical implications of these observa- 
tions are largely negative. A constant cycle length of a 
“protected ectopic pacemaker, evident by interectopic 
intervals that are simple multiples of a common de- 
“nominator, is not a requirement for the diagnosis of 
_ -parasystole. Fixed coupling of ectopic responses to the 
_ preceding normal event is not incompatible with par- 
c asvstole; over rather broad ranges of heart rate, it may 
— even be an obligatory feature of parasystole. 
-xi -Ventricular parasystole is considered uncommon and 
benign. Both of these attributes are the consequence of 
a much too restrictive application of the accepted di- 
agnostic criteria. A parasystolic focus is capable of 
generating closely coupled responses. There is always 
- the likelihood of serious or fatal disorganization of the 








ventricular rhythm when an abnormal impulse is dis- 
charged during the “vulnerable” period of the heart, 
whether the impulse is generated by a pacemaker or by 
a reentrant circuit; it is even possible fer the ectopic 
discharge to initiate a reentrant circuit. The only dan- 
gerous premature beat is the one that results in sudden 
death. 

The model reported here is a biologic confirmation 
of the mathematical model described earlier, and the 
results emphasize the importance of the ratio of the 
intrinsic cycle lengths of the ectepic pacemaker (EP) 
and the sinus nodal pacemaker (SN) in determining the 
patterns of manifest ectopic activity. As the ratio is 
changed, whether by altering the basic heart rate or by 
changing the rate of the ectopic focus, predictable pat- 
tern changes must occur.” Pattern changes must also 
accompany acceleration of the heart if the mechanism 
is reentry, but the relation of the patterns to the fre- 
quency is likely to be different. The pattern changes 
that accompany gradual alteration of the heart rate, 
induced by intracardiac stimulation or by graded doses 
of atropine, can provide the diagnostic clues. 
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Acute mitral regurgitation was produced in six open chest dogs by excising 
a portion of the anterior valve leaflet. Electromagnetic flow probes were - 

placed in the left atrium around the mitral anulus and in the ascending 
aorta to determine phasic left ventricular filling volume, | 
and stroke volume. The systolic pressure gradient was ‘calculated from 
simultaneously measured high fidelity left atrial and left ventricular ` 
pressures. The effective mitral regurgitant orifice area was calculated 
from Gorlin's hydraulic equation. Infusion of nitroprusside resulted in a 
significant reduction in mitral regurgitation. No significant change occurred. 
in the systolic pressure gradient between the left ventricle and the left 









atrium because both peak left ventricular pressure and left atrial pressure. = 


were reduced. The reduction of mitral regurgitation was largely due to 
reduction in the size of the mitral regurgitant orifice. Reduction of ven- 


tricular volume rather than the traditional concept of reduction of im- — : 
pedance to left ventricular ejection may explain the effects of vasodilators — 


in reducing mitral regurgitation. 


The factors that determine the regurgitant flow in mitral insufficiency : 


are the size of the regurgitant valve orifice or the area of the deficitin 


mitral closure, the duration of the regurgitation or the length of ven- 
tricular systole and the systolic pressure gradient between the left ven- 
tricle and the left atrium.!? Traditionally, it has been accepted that the 
regurgitant orifice size is fixed under different circulatory states! except. 
in the clinical syndrome of papillary muscle dysfunction in which the 


properties of the supporting structures may change with time.?-^ How- = 


ever, Borgenhagen et al.® sugg gested that the size of the regurgitant orifice < 
is not fixed. Recently, we? found that volume expansion and pressure 
loading increased mitral regurgitation by increasing the regurgitant. 


orifice size, whereas augmentation of myocardial contractility decreased. — : 
the regurgitation by reducing the size of the regurgitant orifice. Thus, . 


in experimental acute mitral insufficiency, altering the size of the 
regurgitant orifice plays a major role in the magnitude of regurgita- 
tion. 

It is generally thought that the hemodynamic effect of reducing the 
regurgitation in mitral insufficiency with vasodilator therapy is due to 
the reduction of left ventricular impedance by decreasing the systemic 
vascular resistance.5-!! However, the magnitude of mitral regurgitation 
is related directly to the product. of the regurgitant orifice size and the 
square root of the systolic pressure gradient between the left ventricle 
and the left atrium. Thus, factors altering the regurgitant orifice size will 
affect the regurgitation relatively more than similar changes in the 
systolic pressure gradient. This study was designed to define more pre- 
cisely the basis of the beneficial hemodynamic effects of nitroprusside 
in experimental acute mitral regurgitation. 
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Methods 


Animal preparation: Six mongrel dogs, weighing 20 to 30 
kg, were anesthetized with sodium pentobarbital (25 mg/kg 
body weight intravenously) and artificially ventilated. The 
animal preparation was described previously.!? Briefly, after 
amid line sternotomy and bilateral thoracotomy in the fifth 


<> intercostal space, the pericardium was opened and the heart 


` was supported in the pericardial cradle. Left ventricular and 
left atrial pressures were measured with high fidelity microtip 
catheters (Millar) that were introduced into the left ventricle 
and the left atrium through the apical dimple and the pul- 
monary vein, respectively. Aortic pressure was measured with 
a Statham P23Db transducer connected to a short (30 cm) 
catheter introduced into the right carotid artery. All three 
transducers were adjusted to equal sensitivity and a common 
0 level. The first derivative of left ventricular pressure (dP/dt) 
was obtained with a resistance-capacitance differentiator. An 
electromagnetic flow transducer (Carolina Medical Elec- 
tronics) was placed around the ascending aorta. 

While the animal was on complete cardiopulmonary bypass, 
-the left atrium was opened and an electromagnetic flow probe 
-2 with a Dacron® sleeve was sutured around the mitral anulus. 

^ Special care was taken to suture the sleeve of the probe to the 
anulus, so that it did not interfere with mitral ring mobility 
and the freedom of cusp movement. Thus, the mitral valve 
apparatus remained intact. Phasic mitral and aortic flows were 
measured with a two channel square wave flowmeter (Carolina 
Medical Electronics). Under direct vision, acute mitral 
‘regurgitation was produced by excising a portion of the free 
edge of the anterior leaflet. The left atrium was then closed. 
Normal sinus rhythm was restored with direct current defi- 
brillation, and the animal was weaned from circulatory by- 
pass. 

Calculation of cardiac volumes: Filling volume, regurg- 
itant volume and forward stroke volume were calculated by 
digitizing the flow curves with a sonic digitizer (Science Ac- 
cessories) coupled to a programmable calculator (Hewlett- 
Packard 9820). The average of 3 to 5 determinations was used 
for each calculation. Zero mitral flow probe was determined 
initially while ventricular fibrillation was still present, during 
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the experiment by producing long postextrasystolic diastolic 
periods, and again at the end of each experiment by arresting 
the heart with potassium chloride. The regurgitant volume 
is the negative area of the mitral flow curve and the filling 
volume, which equals the total stroke volume, is the positive 
area of the mitral flow curve (Fig. 1). In a steady state, stroke 
volume plus regurgitant volume equals the total left ventric- 
ular stroke volume. The mean systolic pressure gradient be- 
tween the left ventricle and the left atrium was determined 
from simultaneous left. ventricular and left atrial pressure 
curves and was calculated using the same digitizing system 
(Sciences Accessories). 

Regurgitant orifice caleulation: The mean area of the 
regurgitant orifice (MRA) during ventricular systole was 
calculated from Gorlin's hydraulic equation: MRA = 
(RV/RTY/K v'SPG , where RV = regurgitant volume (ml), RT 
= regurgitant time (sec) measured directly from the mitral 
flow curve and SPG = systolic pressure gradient (Fig. D. K 
is the constant, which has a value of 37.9 as recently revised 
by Cohen and Gorlin® and confirmed in a more recent 
study.!4 The forward cardiac output was calculated from the 
product of heart rate and stroke volume. We demonstrated 
that in a fixed regurgitant orifice, using a tilting-disc mitral 
valve prosthesis with a 5 mm diameter hole, the Gorlin for- 
mula is valid. ë 

Nitroprusside infusion: Thirty to 45 minutes after com- 
pletion of the surgical preparation, the animal's condition was 
stable and hemodynamic data were collected for analysis. 
Nitroprusside was administered by continuous intravenous 
infusion (average dose 100 ug/min) to lower the systolic blood 
pressure by 10 to 20 mm Hg. All pressures and flow curves 
were recorded on an oscillographic recorder (Electronics for 
Medicine DR 12) at a paper speed of 100 mm/sec. The stan- 
dard Student's t test was used for statistical analysis (paired 
data). 


Results 


Hemodynamic effects of nitroprusside: Repre- 
sentative original records illustrating the hemodynamic 
effects of nitroprusside are shown in Figure 1. They 


FIGURE 1. Effects of nitroprusside infusion: Original 
tracing obtained during control period (left panel) and 
during nitroprusside infusion (right panel). AoF = aortic 
blood flow; AoP = aortic pressure: dp/dt = first derivative 
of left ventricular pressure; ECG = electrocardiogram; 
FV = filling volume; LAP = left atrial pressure; LVP = left 
ventricular pressure; miF = mitral blood flow; RT = 
regurgitant time; RV = regurgitant volume: SPG = sys- 
tolic pressure gradient; SV = forward left ventricular 
stroke volume. The two arrows in the lower panels in- 
dicate the left ventricular and left atrial pressure cross- 
over points. Note the decrease in both peak systolic 
pressure and left atrial pressure: thus the systolic pres- 
sure gradient remained essentially the same. 
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TABLE | 
Hemodynamic Effects of Nitroprusside 

LVSP LVEDP LA V CO SV SV/RV SVR dP/dt 
C 1203469 147 + 1.0 4144 2.0 2.46 + 0.22 146415 1.45 + 0.32 2767 + 72 2890 + 230 
NP 109.04 7.1 10.3 i 1.2 26.3 + 2.1 2.42 + 0.20 13.7414 1.83 + 0.36 2331 + 85 2690 + 280 
P «002 «0.001 «0.001 NS NS «0.001 «0.005 NS 





C = control; CO = cardiac output (liters/min); dP/dt = first derivative of left ventricular pressure (mm Hg/sec); LA V = left atrial V wave (mm 


Hg); LVEDP = left ventricular end-diastolic pressure (mm Hg); LVSP = left ventricular systolic pressure (mm Hg); NP = nitroprusside; NS.= not: c 


significant; P = probability; RV = regurgitant volume; SV = forward left ventricular stroke volume (ml); SVR = systemic vascular resistance (dynes : : 2 


sec cm" 5). 


demonstrate substantial reductions in regurgitant 
volute, filling volume, left ventricular end-diastolic 
pressure and left atrial V wave. The forward left ven- 
tricular stroke volume remained unchanged. The re- 


< duction in both peak left ventricular systolic pressure 
and left atrial pressure resulted in a small decrease in 


the ventricular-left atrial systolic pressure gradient. 
During the administration of nitroprusside, systemic 
blood pressure and left ventricular end-diastolic pres- 


. sure decreased, respectively, from 120.3 + 6.9 to 109 + 


7.1 mm Hg (P <0.02) and from 14.7 + 1.0 to 10.3 4 1.2 
(P. <0.001) (Table I). Forward cardiac output, stroke 


- volume and left ventricular dP/dt were essentially un- 
"changed. The ratio of forward stroke volume to regur- 


gitant volume increased by 26 percent, from 1.45 + 0.32 
to 1.83 4 0.36 (P «0.001). The left atrial V wave de- 
creased from 41.4 + 2.0 to 26.3 + 2.1 mm Hg (P «0.001), 
and systemic vascular resistance was reduced from 2,767 
+ 72 to 2,331 + 85 dynes sec cm^? (P «0.005). 

Regurgitant volume and mitral regurgitant or- 
ifice: In seven observations obtained during nitro- 
prusside infusion, there was a 26 percent reduction in 
regurgitant volume, from 12.2 + 2.1 to 9.0 + 1.7 ml (P 
<0.01, Fig. 2A). The regurgitant fraction of the total left 
ventricular stroke volume decreased by 17 percent, from 
43.7 + 4.2 to 36.4 + 3.7 percent (P «0.001, Fig. 2B). 
Because both peak left ventricular pressure and left 
atrial pressure decreased, the sytolic pressure gradient 
between the left ventricle and the left atrium remained 
unchanged (Fig. 2C). The calculated area of the mitral 
regurgitant orifice decreased by 18 percent, from 0.265 
+ 0.043 to 0.217 + 0.038 cm? (P «0.01, Fig. 2D). If the 
mitral regurgitant orifice area had remained unchanged, 
the calculated regurgitant volume (derived from Gor- 
lin's hydraulic formula) associated with the decreased 
systolic pressure gradient (from 62.1 + 6.6 to 58.3 + 6.4 
mm Hg) would have decreased from 12.2 to 11 ml. In 
fact, the measured regurgitant volume was reduced to 
9 ml. This is due to the significant reduction in the size 
of the effective regurgitant orifice from 0.265 + 0.043 
to 0.217 + 0.038 cm? (P «0.01, Fig. 2D). 


Discussion 


Previous studies of the dynamics of mitral regurgi- 
tation either have not measured regurgitant volume! 
or have eliminated the role of the entire mitral appa- 


< ratus.i^!8 In this study, the direct measurement of 


[ phasic transmitral flow by an electromagnetic flow 


E. 


* 





probe placed around the mitral anulus, together with __ 
the measurement of aortic flow, enabled us to calculate, 


on a beat to beat basis, filling volume, stroke volume and = __ 


regurgitant volume. When these data were combined . 
with measurements of ventricular and atrial pressure, — 
we were able to calculate the size of theregurgitantor- | 
ifice area. T 

Factors affecting mitral regurgitant volume: The- 
regurgitant flow across the incompetent mitral valve is- 
related to the systolic pressure gradient, the size ofthe- 
regurgitant orifice and the duration of ventricular sys 


tole.!2 If, as is widely accepted, the regurgitant orifice —. 


area is fixed, except in the clinical syndrome of papillary ^ 


muscle dysfunction; the regurgitant volume should. 


be a function only of the systolic pressure gradient: 5 
In a recent investigation’ of the effects of ventricular = 


volume, pressure and contractility on the effective un 
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FIGURE 2. The effects of nitroprusside (NP) infusion on control (C) a 
values. The solid circles and the vertical bars indicate mean values. 
and standard error of the mean (SEM), respectively. A, RV = regurgitant = 


volume. B, RV/SV total = calculated ratio of regurgitant volume to total - 


left ventricular stroke volume. C, SPG = mean systolic pressure gra- 


dient between the left ventricle and left atrium. D, MRA = calculated 


area of the mitral regurgitant orifice. NS = not significant; P = proba- >> 


bility. 
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regurgitant orifice area, we found that augmentation of 
ventricular afterload by angiotensin and increase of 
~ preload by volume infusion tended to enlarge the ven- 
tricle, to widen the anulus and to increase the effective 
: regurgitant orifice area. Conversely, augmentation of 
myocardial contractility decreased the effective 
regurgitant orifice area, presumably by decreasing 
ventricular volume, despite an increase in the systolic 
pressure gradient." Our work thus supports the findings 
. of Borgenhagen et alë 

Mechanism of reduction of mitral regurgitation 
by nitroprusside: Normal function of the mitral valve 
apparatus depends on the mechanical integrity of the 
mitral anulus, the valve leaflets, the chordae tendineae 
and papillary muscles as well as on the contraction of 
the free wall of the left ventricle. Moreover, because the 
size of the anulus varies during systole,!? it can actively 
participate in controlling the orifice size of the mitral 
valve. The regurgitant orifice may therefore change 
under different hemodynamic conditions. 

The reduction of mitral regurgitation induced by 
nitroprusside demonstrated in our study is in agreement 
with the results of other investigators.-!! However, we 
did not find a significant increase in forward cardiac 
output or stroke volume. Left ventricular end-diastolic 
pressure was not excessively high (14.7 + 1.0 mm Hg), 
and administration of nitroprusside caused a reduction 
in ventricular filling pressure to 10.3 + 1.2 mm Hg. 
Thus, the reduction in the forward cardiac output in our 
study can be explained by the Frank-Starling mecha- 
nism because these hearts were operating on the steep 
portion of the stroke volume-filling pressure curve. 

The reduction of mitral regurgitation by nitroprus- 
side is currently considered to be due to the decrease in 
systemic vascular resistance or to the decreased impe- 
dence to left ventricular ejection! Little attention has 
":been given to other factors that may independently 
influence mitral regurgitation. Chatterjee and Parmley 
and their co-workers?!! did speculate that an additional 
effect of nitroprusside may be to enhance the compe- 
tence of the mitral valve by improving the function of 
the subvalve apparatus secondary to decreased left 
ventricular chamber size, as shown by Borgenhagen et 
al. 

In our study, the administration of nitroprusside 








caused a reduction of both peak systolic pressure and 
left atrial pressure. T'hus, the systolic pressure gradient 
was only slightly reduced. This small (insignificant) 
reduction of the systolic pressure gradient cannot ex- 
plain the significant reduction in regurgitant volume. 
On the basis of control orifice size, 38 percent of the 
decrease in regurgitant volume after nitroprusside can 
be explained by the decrease in systolic pressure gra- 
dient, whereas 62 percent is due to a reduction in the 
effective regurgitant orifice area. Nitroprusside resulted 
in significant decreases in left atrial pressure and left 
ventricular filling pressure, suggesting a reduction in 
ventricular volume. Thus, the mechanism of the de- 
crease in the effective regurgitant orifice appears sec- 
ondary to its major venodilator action on the capaci- 
tance bed and reduction of the ventricular volume. 

Greenberg et al.?° recently demonstrated that hy- 
dralazine reduced regurgitation by improving forward 
flow without affecting ventricular volume or ejection 
fraction. Their findings differ from ours and may be due 
to the dual vasodilating effects of nitroprusside (arte- 
riolar and venous) in contrast to the arteriolar effects 
of hydralazine. 

Clinical implications: The relation of this experi- 
mental model of acute mitral insufficiency to clinical 
conditions is only speculative. In this preparation, the 
mitral apparatus remained intact except for partial 
excision of the anterior leaflet, whereas in clinical mitral 
regurgitation other structures may be involved. How- 
ever, this model may represent the problem of acute 
mitral regurgitation due to ruptured chordae tendi- 
neae. 

Our findings indicate that in experimental acute 
mitral insufficiency the regurgitant orifice is not a fixed 
structure. Nitropruss:de reduces regurgitation primarily 
by decreasing the regurgitant orifice size as a result of 
the reduction in ventricular volume. In principle, re- 
duction of afterload is beneficial to forward cardiac 
output, but its direct effect on regurgitant volume has 
nct been definitively established. 
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To improve the sensitivity and accuracy of the detection of coronary artery 
disease with potassium-43 imaging at rest, a rapid serial scanning tech- 
nique was developed to detect appearance time and sequence of myo- 
cardial isotope accumulation, The group of 85 patients included normal 
subjects and patients with angina pectoris, myocardial infarction and 
miscellaneous nonischemic heart diseases. Each patient also underwent 
coronary angiography and left ventriculography and the results were 
compared with the results of scanning. An angiographically demonstrable 
obstruction of 50 percent or greater luminal diameter in a coronary artery 
was found in $5 percent of the patients whose first Serial myocardial scan 
at rest, accomplished 4.5 minutes after isotope administration, showed 
delayed regional appearance or abnormal sequence of accumulation of 
radioactivity by the end of the second scan. Eighty-five percent of indi- 
vidual lesions in a major coronary artery identified by scanning were found 
at the same site on angiography. Ventricular aneurysms were demon- 
strated as positive images during the first serial scan, although later scans 
Showed no myocardial activity. Collateral circulation was demonstrable 
on serial scanning and, when angiographic evidence of such circulation 
was available, the recipient arterial bed was always correctly identified. 
In 32 patients who underwent myocardial imaging at rest and after graded 
exercise testing, the images at rest correlated better with the angiographic 
data. in conclusion, rapid serial scanning at rest detected coronary arterial 
lesions of 50 percent or greater, collateral circulation and, often, ven- 
tricular aneurysms as positive images. 


When radioactive potassium or one of its analogs is used, single myo- 
cardial perfusion scans of 10 minutes or longer are not always indicative 
of abnormal myocardial perfusion patterns in patients with coronary 
artery disease. This is especially true when the degree of arterial stenosis 
is less than 90 percent or when collateral arterial anastomoses are 
present. To assess the functional reserve of the coronary circulation, 
Zaret et al.'? used treadmill exercise to maximal physical tolerance or 
to the point of angina pectoris as a means of inducing or amplifying ab- 
normal myocardial perfusion patterns. However, there is no unanimous 
agreement whether such stressing is capable of eliciti ng the true coronary 
reserve present in patients so tested. 

This study had two objectives: (1) to develop a rapid serial rescanning 
technique capable of detecting appearance time and sequence of accu- 
mulation of the isotope in the myocardium, and (2) to evaluate the ac- 
curacy of this technique. 


Material and Methods 


Patients: À group of 85 patients who were suspected of having coronary artery 
disease or who had previously had a myocardial infarction or revascularization 
surgery underwent myocardial perfusion scanning with potassium-43. Of this 
group, 32 underwent scanning both at rest and after graded treadmill exercise. 


} 





Coronary angiography and left ventriculograms were per- 
formed in all patients within 6 weeks (usually less than 2 
weeks) after the scanning procedure. 

Isotope dose and administration: The maximal dose of 
potassium-43 per study was 1 millicurie. 'The potassium-43 
was diluted in 10 ml of saline solution and given as a bolus 
injection in an antecubital vein. The total whole body ab- 
sorbed radiation from such a dose has been computed to be 
430 E 500 millirads, depending on the method of calcula- 
tion.?4 

Resting scans: In the early studies, the bolus dose of ra- 
dioisotope was given intravenously with the patient erect. 
Positioning the patient in the supine position on the recti- 
linear scanner caused almost a 5 minute delay between in- 
jection and scanning. Because this delay proved too long to 
demonstrate early isotope appearance time, nearly all of the 
later studies were accomplished with the patient supine on 
the scanning table so that the potassium-43 could be admin- 
istered while the detector was scanning extracardiac struc- 
tures. This procedure allowed completion of the first scan 
within 4 to 4.5 minutes after injection of the radioisotope; the 
total time required for such a scan was 5.5 minutes. Another 
series of 5.5 minute scans was always obtained without pause 
except to change the patient to the left anterior oblique po- 
sition after completing four scans in the anteroposterior as- 
pect. 

Exercise scans: In an attempt to detect coronary lesions 
that limited flow only under conditions of increased demand, 
32 patients performed a graded treadmill exercise test under 
electrocardiographic monitoring. The potassium-43 was ad- 
ministered at the point of angina pectoris or fatigue or when 
the target heart rate had been reached without symptoms. 
After the recovery period (that is, when heart rate had re- 
turned to the control value) the patient was transported to the 
scanning laboratory where myocardial imaging was accom- 
plished as described for the scans performed at rest. Patient 
recovery and transport caused an 8 to 10 minute delay be- 
tween administration of the radionuclide and start of the first 
scan. 

Scanning technique: A digital rectilinear dual detector 
radionuclide scanner was designed and constructed for de- 
tection of high energy gamma radiation (up to 1.5 mev).? This 
extensive shielding produces a lower background level with 
less energetic gamma rays such as those from potassium-43. 
Collimation was designed for a 662 kev (cesium-137) gamma 
range allowing dual channel pulse-height analysis to be used 
to sum the counts from the dual paired (370-390 and 590-620 
kev) peaks of potassium-43.9 High speed scanning is a stan- 
dard capability with the dual binary counters and fast (150 
characters/sec) perforated paper tape recording system. To 
simulate a single scan of longer duration, four serial scans were 
summed element by corresponding element using computer 
techniques. Because these summed images had a count den- 
sity of approximately 1,000/cm? in the region of interest, 9 
point averaging of the individual serial scans was done after 
the summation process. Averaging these was necessary be- 
cause of the reduction in detected counts caused by fast serial 
scanning. Display of the images was accomplished by a cath- 
ode-ray tube with dot position and intensity (32 levels) under 
computer control. Permanent records were made on Polaroid® 
film. 

Scan interpretation: The myocardial scans were analyzed 
and interpreted by two of us without knowledge of the clinical 
and angiographic findings. Because the first scan at rest was 
always the most accurate, qualitative and semiquantitative 
assessment was made as to whether there was delayed ap- 
pearance of the radionuclide (that is, whether there were re- 
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gions of low activity that had “filled in" by the second scan); 
and in the latter scans further changes in activity were ob- : 
served. In early scans where the isotope was found to linger 
in the ventricular cavity, the later scans were carefully ex- 
amined for topographic abnormality. The criteria for dem: 
onstrating collateral circulation were observation in the first 
scan of low counts in the proximal bed of a coronary artery P 
with higher counts in the distal portions and a connecting |. 
“bridge” of activity to another arterial bed. The scans of pà- 
tients with cardiomyopathy did not demonstrate delayed . | 
appearance time or a sequence of accumulation of activity. | 
The abnormalities were manifested as small regions of high a 
and low isotope activity uniformly distributed over the entire. .| 
myocardium in a "salt and pepper" pattern. P 

Angiographic interpretation: Angiographic studies were | 
performed in all patients with either the Sones or the Judkins | 
technique. Selective right and left coronary angiograms were - E 
recorded on 35 mm film in several projections. Left ventric- a 
ulograms were performed in the right anterior oblique pro: 
jection after high pressure injection of contrast medium... 


Results 


Figure 1 demonstrates the sensitivity of the first 
resting serial scan completed within 4.5 to 5 minutes - 
after administration of the isotope. Any abnormality _ 
demonstrated by the potassium-43 image in the first | 
serial scan was a function of the appearance time of the | 
isotope in the myocardium. Among the 85 patients to. 
undergo scanning at rest with potassium-43, 74 hadan | 
abnormal first scan. Angiographic study indicated that _ 
66 of the 74 had coronary artery disease, 4 had cardio- 
myopathy with no disease in the coronary circulation, - 
1 had a hypokinetic region in the inferior wall but a t 
normal coronary angiogram, 1 had multiple muscular _ 
bridges over the left anterior descending coronary artery — 
and 2 had no angiographically detectable disease. 


TOTAL 85 - PATIENTS 


11 NORMAL Scan Interpretation 74 ABNORMAL 


66 CAD 
4 Cardiomyopathy 
No CAD DMO CAD. 

1 Multiple * 


{t Post - inh 2 
Akinesis of LV — - 


i NoCAD 


Muscular Bridges 
over L A D 


FIGURE 1. With respect to the presence or absence of coronary artery 7 
disease, this diagram compares the interpretation of the patient's first 
serial resting scans with the interpretation from contrast angiography - 
(see text). CAD = coronary artery disease; LAD = left anterior de- 
scending coronary artery; LV = left ventricle; Post-inf. = posterior 
inferior. 239 
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TABLE | 


Combinations of Diseased Arteries Found by Coronary Arteriography in 32 Patients Who Participated in Both Exercise and 


Resting Scanning. 





Correct Scan Diagnosis 


Incorrect Scan Diagnosis 











Resting Exercise Resting Exercise 

Serial Sum Serial Sum Serial Sum Serial Sum 
Normal 3 3 3 3 TP Seis 
LAD Ps IT 1 m 1 1 1 
RCA 2 2 1 1 ^ 1 1 
LAD/LCF TE Ms ae P 2 2 2 2 
LAD/RCA 3 3 3 1 nt 2 
RCA/LCF TE 1 =e 1 2 1 2 1 
Triple 19 19 19 19 o A 
Total 27 28 27 25 5 4 5 7 
Percent 84.3 87.5 84.3 78.1 

correct 





LAD = left anterior descending left coronary artery; LCF = left circumflex coronary artery; RCA = right coronary artery. 


Table I shows the categories by involved arteries as 
determined with coronary angiography. The observers 
used the scans alone for classification. Although the scan 
results might be interpreted as abnormal, they were 
placed in the “incorrect” columns when they did not 
agree with the angiographic data as to the affected ar- 
teries or when the results were false positive. Double 
vessel disease in the left anterior descending and cir- 
cumflex arteries appeared to be the most difficult to 
detect on scanning. The sum of the resting scans had the 
highest percent (87.5) of correct determinations because 
one combination of right coronary artery and left cir- 
cumflex artery disease was detected when the scans 


were summed but missed in the serial scans at rest and 
during exercise. However, this table does not indicate 
the range of difficulty in interpretation of scanning, and 
the serial resting scans were the least difficult to inter- 
pret in most instances. 


Representative Cases 


Figure 2 exemplifies resting serial scans that were consid- 
ered normal except for a slight elongation of the left ventric- 
ular silhouette. 

Figure 3 shows the resting scans of a patient who had pre- 
vious bypasses to the right coronary artery and the circumflex 





FIGURE 2. Serial resting scans (A to D anterior, E to H posterior) without significant uptake abnormalities from a 44 year old woman. Contrast an- 
giography indicated irregular inferobasal left ventricular contraction with filling defects thought to be thickened and matted chordae tendineae. 
There were mild prolapse of the posterior mitral valve leaflet and moderately severe prolapse of the tricuspid valve. 
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FIGURE 3. Serial resting scans from a 52 year old man who had a double bypass procedure to the distal right coronary artery and the obtuse marginal 
branch of the circumflex cornary artery 33 months previously. The four anterior scans (A to D) were followed by four left anterior oblique scans 
(E to H). The lower counts during the first scan (A) resulted from starting the radionuclide injection and scanning simultaneously. In scan A there 
is a small area of low counts that corresponds to the region supplied by the proximal right coronary artery, which was totally occluded before bypassing. 
Both grafts were patent when these scans were obtained. 


FIGURE 4. Four anterior rapid serial resting scans (A to D) obtained from a 59 year old man with 90 percent stenosis of the proximal right coronary 
artery and less than 50 percent occlusion of the circumflex coronary artery at the obtuse marginal branch. The arrowhead indicates a region of 
lower counts that occurred during the second scan (B). The regional difference in detected counts was not as evident in the display of the unaveraged 
sum (E) of the four anterior scans. (See text for explanation of the unaveraged sum image.) 
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branch of the left coronary artery. These scans were classified 
as abnormal. The first anterior view (A) shows very low counts 
(delayed appearance) in the region of the proximal right cor- 
onary artery and also the region supplied by the left anterior 
descending and circumflex arteries. Scan B demonstrates the 
delayed accumulation of the isotope in the area of the right 
coronary artery where there was a totally occlusive lesion that 
prompted a previous bypass to this artery. The fourth left 
anterior oblique scan (scan 3H) indicates slightly faster 
washout from the left anterior descending than from the left 
circumflex branch. Homogeneous myocardial counts were 
seen in all exercise scans from this patient. Coronary arteri- 
ography demonstrated patent bypasses. 

Figure 4 shows the resting scan of the anterior aspect from 
a patient who had 90 percent stenosis of the luminal diameter 
of the proximal right coronary artery and more than 50 per- 
cent stenosis of the circumflex artery at the obtuse marginal 
branch demonstrated on coronary arteriography. In scan A 
there are regions with delayed appearance time: in scan B the 
arrow locates delayed accumulation of the isotope in the area 
perfused by the right coronary artery. The display of the sum 
of the unaveraged counts (scan E) was not as diagnostic al- 
though lower counts were shown in the area supplied by the 
right coronary artery. Because all the exercise scans in this 
patient were negative, the scanning diagnosis appears in the 
“incorrect” exercise column of Table I. 

Figure 5 shows the resting scans from the anterior aspect 
of a man with triple vessel coronary disease. Coronary arte- 





riography indicated (1) 50 percent occlusive lesions in both 
the proximal right coronary and left anterior descending ar- 
teries with an additional 50 percent occlusion of each artery 
one third of the distance along its course, and (2) more than 
90 percent stenosis of the proximal circumflex artery and also 
one of its branches. There was also distal involvement with 
poor run off of the contrast medium and no evidence of col- 
lateral connections between arteries. The left anterior oblique 
scans from this patient (Fig. 6) were obtained immediately 
after the anterior views. Serial scans at rest and with exercise 
were indicative of triple vessel disease, but the stenotic left 
anterior descending coronary artery was not adequately 
demonstrated by the unaveraged sums of either the resting 
or exercise scans, especially from the anterior aspect 

Figure 7 shows serial anterior resting scans thought to in- 
dicate triple vessel stenosis when angiography indicated only 
two vessel disease. However, one of the two vessels was the left 
main coronary artery. Late filling and collateral connnections 
were evidenced in the serial anterior resting scans (A to D) and 
regions of shifting radionuclide concentrations in the anterior 
and left anterior oblique resting scans (E to H). Such regional 
shifting was noted when coronary arteries had significant 
stenotic lesions. Coronary arteriography in this 51 year old 
man indicated luminal irregularity of the proximal right 
coronary artery giving off numerous collateral channels. 
Through these collateral vessels the contrast medium visu- 
alized the whole left anterior descending and circumflex ar- 
teries but not the left main coronary artery. The left anterior 


FIGURE 5. Serial scans in the anter or aspect (A to D) at rest from a 61 year old man with triple vessel disease (see text for descriptior ). Arrowhead 
1 in the first scan (A) points out a low count region supplied by the proximal right Coronary artery; arrowhead 2 indicates a similar region thought 
to be the result of decreased perfusion by both the left anterior descending and circumflex coronary arteries. Detected counts increased during 
the later scans (B to D) so that the deficiency was somewhat obscured in the unaveraged sum (E) of the scans. 
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descending and circumflex arteries were both normal in ap- 
pearance, but a 90 to 95 percent stenotic lesion was demon- 
strated in the left main coronary artery just before its bifur- 
cation. When the four anterior scans (Fig. 7, A to D) were 
summed (without 9 point averaging), the resulting single 
summed image (Fig. 8A) was abnormal but did not reveal the 
presence of collateral vessels. The summed image (Fig. 8B) 
of the left anterior oblique scans was also abnormal at the apex 
and proximal portion of the circumflex artery but was not 
indicative of delayed myocardial perfusion. 

Figure 9 shows serial scans from a 58 year old man whose 
coronary angiograms and ventriculograms indicated triple 
vessel disease and a large anterior apical aneurysm of the left 
ventricle. There was total occlusion of the proximal right 
coronary artery and of the left anterior descending artery 
approximately one third of the distance down its course. The 
circumflex artery was more than 90 percent stenosed proxi- 
mally with a similar obstruction halfway down its path. For 
the resting scans, the potassium-43 was not injected until the 
scanner had completed the first two lines of the first scan. 
Because the aneurysm allowed the radionuclide to linger in 
the left ventricular cavity, the approximate size and shape of 
the aneurysm were pictured in the first scan anteriorly and 
posteriorly (A and D) but were not seen in the following scans 
9(B to C and E to F). 


Discussion 


Rationale of the rapid serial rescanning tech- 
nique: When potassium-43 is injected rapidly intrave- 
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nously in a single bolus dose, the tracer content of many 
organs, including the heart, rapidly reaches a high count 
level and remains high for many minutes despite the 
rapid fall in blood levels. It has been reasoned that the 
portion of the injected isotope that is taken up by the 
heart is indicative of the functional myocardial perfu- 
sion and, by counting the radionuclide (potassium-43) 
tissue deposition, an index of regional myocardial flow 
can be ascertained. For organ imaging in most labora- 
tories, a single scan per viewing angle after a single bolus 
intravenous injection has been accepted as standard 
procedure. In experiments from our laboratory?? using 
mongrel dogs, we showed that this method is not always 
adequate for myocardial imaging. Although the bolus 
injection-single scan technique will show very recent 
occlusion or severe disease of the coronary arteries, it 
will not indicate regions supplied by collateral flow or 
those supplied by diseased vessels that do not impair 
flow in the resting state. Myocardial regions supplied 
by stenotic arteries that allow normal resting flow could 
be demonstrated with the postexercise imaging tech- 
nique. ? Yet this technique also employs a single scan 
per viewing angle (10 to 15 minutes/scan). Another time 
delay of at least 5 minutes could be attributed to posi- 
tioning the patient under the detector. We introduced 
the optimal serial rescanning technique when we found 





FIGURE 6. Same patient as in Figure 5. Serial left anterior oblique scans (A to D). The arrowhead in the second scan (B) points to an area of shifting 
counts and finally rapid washout (D). This region would usually be perfused by the proximal portions of the left anterior descending and circumflex 
coronary arteries. When the unaveraged counts were summed (E), the counts were still low in this region with an abrupt change in the contour of 
detected counts. 
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FIGURE 7. Serial resting scans from a 51 year old man. The scans were thought to demonstrate triple vessel disease, but angiography indicated 
significant stenosis of only the right and the left main coronary arteries (see text). Because the left main coronary artery branched into the circumflex 
and left anterior descending arteries, the scans do appear as though the three primary arteries were affected. The four anterior scans (A to D) are 
followed by the left anterior oblique scans (E to H). Arrow 1 in the scan A points to the early radionuclide concentration in the area of the distal 
right coronary artery. Arrow 2 points to a region that increased in concentration with time (B to D) and correlated well with some of the collateral 
vessels from the right coronary artery to both the left anterior descending and circumflex arteries that were evidenced by angiography. The arrowhead 
in scan D indicates an area of low activity in the region of the left coronary artery, whereas the arrow points to the same region indicated by arrow 
2 in scan A. In the first left anterior oblique scan (E) the arrow points to a shifting region of activity usually perfused by the proximal left circumflex 


branch. 


that the optimal information indicative of myocardial 
perfusion patterns under resting conditions, with po- 
tassium-43 as the imaging agent, could be obtained 
when an image was recorded within 4 to 5 minutes after 
isotope administration. 

Although in the normal heart muscle radioactive 
potassium regional appearance time for each major 
artery shows no delay and the sequence of accumulation 
and washout rate are relatively even over the entire 
myocardium, in the abnormal myocardium these 
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time-dependent variables appear to be significantly 
altered. It is true that reduction of luminal diameter by 
as much as 90 percent would alter blood flow at rest 
little, if at all, provided some coronary vascular reserve 
were still present. In dogs with 70 to 85 percent stenosis 
in a major branch of the left coronary artery, we could 
not detect with rapid serial rescanning any perfusion 
defect at rest. However, when potassium-43 was given 
after the administration of a potent coronary vasodi- 
lator (dipyridamole), the myocardial region supplied 


FIGURE 8. Same patient as in Fig- 
ure 7. Without 9 point averaging, the 
four anterior scans of Figure 7 were 
summed into a single image (A). 
The arrowhead points to a region of 
low counts at the apex. A single 
display (B) was also obtained by 
summing the left anterior oblique 
scans; the arrow indicates a mot- 
tled count region supplied by the 
proximal left circumflex branch. 
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FIGURE 9. Anterior scans (A to C), posterior scans (D to F) and a single left anterior oblique scan (G) from a patient with triple vessel disease and a 
ventricular aneurysm (see text for angiographic data). The scanner was on the second scan line (from bottom as viewed) of the first scan when 
the potassium-43 was given intravenously. The arrow in the first anterior scan (A) points to the radioactivity that lingered in the left ventricle sufficiently 
long to be detected by the scanner. The size of this radioactive pool is indicative of the size of the aneurysm. In the second posterior scan (E), the 
arrow is along the bed of the circumflex branch whereas the arrow in the left anterior oblique scan (G) points to the low myocardial radioactivity 
count along the left anterior descending artery. The delayed appearance of the isotope (as seen in scans A and B) is indicative of an obstructive 
lesion in the region perfused by the circumflex artery. The scan was interpreted as indicating triple vessel disease. 


by the stenotic vessel was clearly delineated.? Under 
normal conditions (when no coronary artery disease is 
present) the tone of the peripheral coronary vessels is 
the major determinant of the rate of total coronary 
blood flow. In the presence of coronary artery disease 
the situation is quite different. The tissue hypoxia 
causes the peripheral coronary resistance to decrease 
proportionately to the severity of the disease. Once the 
coronary reserve has been greatly decreased, the large 
vessel resistance becomes the flow-limiting factor. The 
effective resistance of the large vessels will therefore be 
the algebraic sum of the resistance of all lesions, however 
small, including minimal lesions with no significant 
luminal irregularity. Under these conditions the flow 
will be primarily determined by the magnitude of the 
perfusion pressure, assuming that there is no coronary 
flow reserve available. Moreover, the lumen of a single 
stenotic lesion is not solely responsible for alteration of 
blood flow under basal conditions; it is also possible that 
its length!° and the number of lesions might influence 
the coronary hemodynamics in this region. If one as- 
sumes that there may be, distal to angiographically 
demonstrable lesions, other lesions in smaller vessels 
that are not discernible with contrast medium,!! then 
the myocardial region that these vessels supply may 
demonstrate a deficit in resting flow. Therefore, by 
eliciting delayed regional myocardial potassium-43 


. 


appearance, a deficit in flow could be evidenced by rapid 
rescanning at rest. 

Regional appearance time of potassium-43 as an 
index of high grade stenotic lesions or of collateral 
circulation: Transient ischemia has been detected 
during myocardial imaging at rest,!? although in some 
cases coronary angiography failed to demonstrate he- 
modynamically significant lesions, and similar obser- 
vations were recently reported!? in studies using thal- 
lium-201, although the time sequence differed. In pre- 
vious reports from our laboratory,!4 we demonstrated 
detection of hemodynamically nonrestrictive lesions in 
animals as well as in man with the continuously de- 
creasing infusion technique.!^ Comparing the results 
obtained with the two techniques we found in both 
patients and animals that the first serial scan obtained 
within 4.5 minutes after a bolus dose of potassium-43 
grossly reflects the appearance time of the isotope in the 
myocardium.!^ In animals with stenotic lesions of 85 to 
95 percent or with poorly developed collateral vessels, 
studied after an intravenous bolus dose of potassium-43, 
the regional appearance time of the isotope appears to 
be delayed by nearly 5 minutes. In these cases the 
counts increase by the second scan to nearly normal 
values. Such a sequential regional accumulation of the 
isotope was never noted in the animals in which a major 
branch was rapidly ligated. Thus, we found that when 


April 1979 The American Journal of CARDIOLOGY Volume 43 785 


——————————n—«Á—M—Ó———'— M — 





“RAPID SERIAL RESCANNING AT REST-—MARKOV ET AL. 


. myocardial imaging is performed at rest, monitoring the 
- regional appearance time (difference between the first 
and second scans) of the potassium-43 indicates lesions 
- that restrict primary flow, whereas myocardial regions 
supplied by collateral circulation demonstrate a pro- 
longed regional accumulation throughout scans one to 
four. In Figure 7, A to D, the region perfused by the left 
€oronary artery demonstrates this sequential accumu- 
~ lation. 

Disease involving the left anterior descending or 
‘circumflex artery, or both, was most difficult to identify 
because the first serial scans were performed in the 
anteroposterior position (Table I). Because of the to- 
pographic location of these arteries, their respective 
perfusion regions are superimposed and, by the time the 
- patient was moved to the left anterior oblique position, 
“the images were considered static except for early re- 
- gional washout of the isotope from either myocardial 
- district. We used this rapid washout as an index of im- 
praired coronary flow, signifying an obstructive lesion 
that affected myocardial metabolism under resting 
«conditions. It would be possible to obtain a left anterior 
—oblique image and to follow the appearance time and 
sequence of accumulation of potassium-43 in that view 
df a detector were mounted at 45° on the present de- 

tecting equipment. 





Clinical implications: From this study it is evident 
that in a clinical setting the rapid serial rescanning 
technique might prove more valuable than the present 
static imaging techniques. It will eliminate, in the ma- 
jority of cases, the need for postexercise imaging and 
provide data for detecting an impaired regional myo- 
cardial metabolic state when the disease is inaccessible 
to coronary angiography. However, we must remember 
that the physical characteristics of potassium-43 and 
matching instrumentation are to a large measure re- 
sponsible for the success with this technique. With 
thallium-201, the myocardial/background ratio reaches 
a maximum of 2 only after 15 to 20 minutes, which is the 
optimal time to begin scanning with it.!^ For potas- 
sium-43, this ratio is highest approximately 3 minutes 
after administering the bolus injection and decreases 
to about 4:1 after 15 minutes. These are opposing 
characteristics that may make duplication of the tech- 
nique difficult with radionuclides other than potassium 
er rubidium. 
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A new method of cardiac tomography was developed using a seven pin- : 
hole (5.5 mm diameter) collimator, a standard 37.5 cm diameter crystal j 
Anger camera and a digital computer. Twelve planes spaced an average — 


of 1.0 cm apart are reconstructed through use of a computer algorithm 
from a single stationary data acquisition. A comparison of the tomographic 
technique and standard (parallel-hole collimation) scintigraphy was 
performed using 65 patients (Group 1), 23 without and 42 with angio- 
graphically demonstrated coronary arterial stenosis (greater than 70 
percent luminal narrowing) who were undergoing stress thallium-201 - 


imaging. An additional 7 normal subjects and 32 patients with coronary | 
artery disease (Group Il) underwent both tomographic imaging during — 


stress and redistribution or rest. The tomographic images and standard 


anterior and left anterior oblique scintigrams were interpreted with use : 


of a computerized program that determines maximal circumferential 
cardiac wall count densities and compares these profiles with normal 


limits obtained from the initially tested 23 subjects without coronary — 
disease in Group i. Of these 23 persons, one had an abnormal standard 


scintigram and one an abnormal tomogram. Of the 42 patients with cor- 


onary disease in Group I, 31 had an abnormal standard scintigram and : E 
40 an abnormal tomogram (P <0.05). Of the 39 patients (Group Il) 


undergoing tomographic stress and redistribution or rest imaging, none — 
of the 7 normal subjects and 31 of the 32 (97 percent) with coronary artery 
disease had quantitatively abnormal stress images or greater than 20 
percent segmental redistribution. These results suggest that this tomo- 
graphic technique is both highly sensitive to and specific for the presence 
of coronary artery disease using stress thallium-201 imaging. 


Myocardial perfusion imaging using radionuclide cations,’ most recently 


thallium-201,?-? has gained clinical recognition as a test having 95 to 100. - f : 


percent specificity, with abnormal exercise scintigrams occurring in 
about 75 percent of persons with coronary artery disease. Because 
myocardial imaging using the standard scintillation camera technique 
is hampered by superposition of proximal and distal cardiac walls and 
by the segmental nature of myocardial ischemia, emission tomography 
offers theoretical advantages. Although emission tomography was in- 
troduced as a scanning technique by Kuhl and Edwards!? 15 years ago 
and as a scintillation camera technique by Muehllehner!! 8 years ago, 
it has not been widely applied. In an attempt to utilize the theoretic 


advantages of tomographic myocardial perfusion imaging, our laboratory: 


recently developed a new method of single photon emission tomography. 


using a wide field scintillation camera, a seven pinhole collimator and — | 
a digital computer reconstruction algorithm. In contrast to the positron 
technique,!? the method uses a standard scintillation camera. A com- 


puterized quantitative profile analysis program for interpretation of - 
tomographic and standard images has also been developed. These. 
techniques and their clinical application will be described. 
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Methods 

Tomographic collimator: A lead collimator was con- 
structed with seven 5.5 mm diameter pinholes located 12.7 cm 
from the camera crystal, one placed centrally and six spaced 
evenly around a circle 6.35 cm from the center pinhole.!? Lead 
septa were placed between adjacent pinholes to prevent 
overlapping of the seven projected images. The central pinhole 
has a conical 53? field of view that is perpendicular to the 
crystal face, whereas the peripheral pinholes have conical 45° 
fields of view that converge inward at 26.5°. Thus a 12.7 cm 
diameter volume is formed, within which emissive data project 
through all seven pinholes simultaneously onto seven inde- 
pendent crystal sectors, each viewing the volume from a dif- 
ferent spatial angle. 

Reconstruction process: In general, a sectional image is 
formed by planar tomography through superposition of 
multiple projections so as to focus data within the image plane 
and blur data proximal or distal to that plane. Other planes 
can be obtained by varying the superpositional relation. A 
refocusing process is frequently used by comparing the 
summed initially formed planes to the original projections. 
Differences between these views are used to correct the initial 
images so as to enhance their tomographic effect. Repetitive 
use of this refocusing process is the basis for iterative tomog- 
raphy. 

Each seven pinhole study began with a single 750,000 count 
scintigraphic data acquisition using the pinhole collimator and 
an Ohio-Nuclear model Sigma-410 or Picker model Dyna 
Camera 4/15 wide-field scintillation camera. Data were stored 
on magnetic tape in frame mode and transferred to a Digital 
Equipment Corporation PDP-12 computer. The relative po- 
sition of the seven views was established by imaging a radio- 
active point source centered 9 cm from the collimator. The 
seven views were then corrected for inherent distortion of 
pinhole sensitivity by dividing them by corresponding 
sheet-source flood images. As described, 12 initial tomographic 
planes were formed by appropriate superposition of the seven 


intervals 


flood-corrected views so as to cause data focusing at ap- 
proximately 1 cm intervals, at a distance of 9 to 20 cm from 
the collimator. Addition of the reciprocal images, followed by 
reciprocation of the sum, was used instead of simple addi- 
tion. 

A single step refocusing process was then accomplished. 
The initial tomographic planes were smoothed and weighted 
for tissue absorption, the most proximal plane being weighted 
three times as much as the most distal plane. A constant 
weighting was used throughout an individual plane. These 
planes were added to simulate the original viewing process, 
and the summed views were subtracted from the original 
views, resulting in seven difference views. With use of a pre- 
determined variable combining factor, the refocusing process 
was finished by adding a proportion of the appropriately su- 
perpositioned seven difference views to each of the 12 initial 
planes. The final tomographic planes were both individually 
photographed from the computer display and stored on 
magnetic tape. 

Exercise testing: One hundred four men referred to this 
institution for cardiac evaluation were informed of the nature 
of the procedure and consented to it. All underwent coronary 
angiography using the Sones technique and left ventriculog- 
raphy in the right anterior oblique projection. In 74 patients 
these studies revealed, on visual analysis, 70 percent or greater 
luminal stenosis of at least one major coronary artery, and in 
32 of the 74 the left ventricular ejection fraction was less than 
55 percent. All men underwent graded treadmill exercise 
testing performed in the fasting state according to the Bruce 
protocol.'4 No subject was receiving nitrates, digitalis!® or 
propranolol. An adequate degree of exertion was considered 
achievement of 85 percent of age-predicted maximum heart 
rate (69 patients) or 1 mm of new S-T segment depression of 
a horizontal or downward sloping nature lasting at least 0.08 
second (35 patients). Thirty seconds before the termination 
of exercise, 1.5 to 2.0 millicuries (mCi) of thallium-201 was 
injected intravenously. 
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FIGURE 1. Quantitative interpretation of 
scintigrams: A, a myocardial perfusion 
scintigram undergoes computer analysis 
by determination of maximal pixel values 
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along each of 60 radial lines at 6° intervals. 
The process is begun posteriorly and pro- 
ceeds in a clockwise fashion. B, maximal 
(max.) radial pixel value locations are dis- 
played. C, the maximal radial pixel values 
are plotted against their corresponding 
angular locations. D, the patient's cir- 
cumferential profile is displayed along with 
the corresponding lower limit of normal. 
The inferior wall quantitative abnormality 
is marked by an open arrow. (See text for 
details.) ANT — anterior; INF — inferior; 
POST = posterior; SUP = superior. 
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Ten minutes later, in the first group of 65 men (Group I: 23 
normal subjects, 42 patients with coronary artery disease) a 
single 40? left anterior oblique projection 750,000 count seven 
pinhole scintigram was obtained, followed immediately by 
350,000 count anterior and 40? left anterior oblique projection 
standard scintigrams using a 2.5 cm thick parallel-hole (gen- 
eral all-purpose) collimator. In a second group of 39 men 
(Group II: 7 normal subjects, 32 patients with coronary artery 
disease) an initial 750,000 count seven pinhole scintigram was 
followed by either a redistribution pinhole scintigram 2 to 4 
hours later (16 patients) or a resting seven pinhole scintigram 
after a second thallium-201 injection 1 week later (23 pa- 
tients). 

Quantitative profile interpretation: In an attempt to 
make the interpretation of the scintigrams objective, and to 
facilitate comparison of stress and redistribution images, each 
patient's two planar and three central left ventricular tomo- 
graphic images were analyzed with the computerized method 
depicted in Figure 1 and previously reported by us! and by 
Meade et al.!? Initially (Fig. 1A), the cardiac center is visually 
located. Then maximal pixel values are determined by com- 
puter along each of 60 radial lines that extend from the cardiac 
center spaced at 6? intervals. This process is begun in a pos- 
terior direction and proceeds in a clockwise fashion. Figure 
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TABLE | 
Summary of Scintigraphic and Angiographic Data (Group I) 
Coronary 
Stenosis Coronary Stenosis >70% 
<70% Total WithNLV WithLVD 
Patients (no.) 23 42 24 18 
Myocardial perfusion 
scintigram 
Abnormal standard 1 31 14 17 
(4%) (74%) (58%) (94%) 
Abnormal 1 40 22 18 
tomographic (4%) (95%) (92%) (100%) 





LVD = left ventricular disease (ejection fraction less than 55 percent; 
NLV = normal left ventricle (ejection fraction 55 percent or more). 


1B shows the location of the maximal pixel values along the 
60 radial lines displayed for operator confirmation. Subse- 
quently (Fig. 1C), these maximal radial pixel values are 
plotted quantitatively in a circumferential fashion, being 
normalized to a maximal pixel value of 100. Using data ob- 
tained from the 23 persons in Group I with less than 70 percent 
coronary arterial stenosis, lower limits of normal were estab- 
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FIGURE 2. Anatomic orientation of the tomographic myocardial sections obtained with the multi-pinhole technique. Four of the 12 planes obtained 
from a patient with normal coronary arteries are displayed. Because of the pinhole collimation employed, apical data closer to the collimator are 
* magnified to a greater extent, although all data within any single plane are magnified equally. 
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FIGURE 3. Stress thallium-201 tomo- 
grams from a patient with normal cor- 
onary arteries. Sections proceed from 
the cardiac apex (A) to the base (I). The 
discontinuity in the right ventricular 
myocardium (arrows) is thought to 
represent the region of the pulmonary 
valve. 













FIGURE 4. Composite pinhole image (A), standard 
anterior (B) and left anterior oblique (C) scintigrams, 
and tomograms from the cardiac apex (D) to the base 
(I) obtained from a patient with 90 percent stenosis 
of the left anterior descending coronary artery. An 
anterior wall defect is seen in E through G (closed 
arrows) and a normal apical defect is seen in F (open 
arrow). 
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lished for each of the 60 angular locations of the anterior and 
left anterior oblique standard images and for tomographic 
views of apical, central and basal regions. These values were 
established as mean values minus 2 standard deviations, fol- 
lowed by minor editing. In Figure 1D, the patient circumfer- 
ential profile, plotted together with the lower limit curve for 
this 40° left anterior oblique control region tomogram, dem- 
onstrates the quantitative inferior wall defect (open arrow). 

Because the observers lacked prior clinical experience, their 
visual interpretation of the tomograms showed significant 
inter observer variability, and this method of analysis was not 
employed. 


Results 


As previously reported,!? planar full width, half 
maximal resolution (using 1 mm line sources of thal- 
lium-201) was found to be 1.0 cm 12.7 cm from the col- 
limator, and depth resolution was found to be 1.5 cm. 
A simultaneous seven pinhole 750,000 count data ac- 
quisition requires about 10 minutes' time, and the new 
reconstruction algorithm we report requires about 5 
minutes' time to perform versus approximately 1 hour 
for the iterative method previously reported. Quanti- 
tative profile image analysis requires 2 minutes' time 
per image analyzed. 

Standard versus tomographic imaging (Group I) 
(Table I): As shown in Figure 2, tomographic images 
are reconstructed in planes perpendicular to the heart’s 
long axis. A study obtained from a normal person is 


FIGURE 5. Composite pinhole image (A), 
standard anterior (B) and left anterior oblique 
(C) scintigrams, and tomograms from the 
cardiac apex (D) to the base (I) obtained from 
a patient with three vessel coronary artery 
disease. A posteroapical defect is seen in E 
(arrow). 


TABLE Il 
Summary of Scintigraphic and Angiographic Data (Group Il) 





Coronary Coronary Stenosis >70% 
Stenosis With With 











«7096 Total NLV LVD 
Patients (no.) 7 32 18 14 
Abnormal tomographic 0 30 16 14 
stress myocardial (0%) (94%) (89%) (10096) 


perfusion scintigram 


>20% redistribution 0 22 5 7 
(83%) (50%) 


by tomography (0%) (69%) 
Abnormal stress 0 31 17 14 
myocardial perfusion (0%) (97%) (94%) (10096) 


scintigram 
>20% redistribution 





LVD = left ventricular disease (ejection fraction less than 55 percent); 
NLV = normal left ventricle (ejection fraction 55 percent or more). 


shown in Figure 3. When individual patient maximal 
count profiles were compared with the lower normal 
limit values, two studies (one standard and one tomo- 
graphic) among the 23 persons in Group I without sig- 
nificant coronary disease were found to be abnormal. 
Among the 42 patients with coronary artery disease in 
Group I, 31 standard studies (74 percent) and 40 to- 
mographic studies (95 percent) were found to be ab- 
normal. Among the two subgroups with coronary artery 
disease, the superiority of the tomographic technique 
was most evident among the 24 patients in Group I with 
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a normal ventriculogram; the number of abnormal tests 
_-inereasing from 14 (58 percent) with standard imaging 
to 22 92 percent) with tomographic imaging (Fig. 4 and 

<5). AB 18 patients in this group with an abnormal ven- 

© triculogram had an abnormal tomogram, whereas 17 (94 
percent) had an abnormal standard image. Chi square 
analysis showed that tomographie data correlated better 
with coronary angiographic findings than did the 
standard imaging results (P «0.05). 

Stress versus redistribution or resting scinti- 
© grams (Group II) (Table ID. None of the seven pa- 
^ tients in this group with insignificant coronary artery 
disease had either an abnormal stress tomogram or a 


greater than 20 percent regional change between the. 


stress and the redistribution or resting quantitative 
circumferential profiles. Of the 32 patients with coro- 
2 nary artery disease in this group, 30 (94 percent) had an 
abnormal stress tomogram and 22 (69 percent) had 
** more than 20 percent regional redistribution. Overall, 

81 (97 percent) had abnormal stress or regional redis- 
tribution data. 


Discussion 


Although the tomographic technique presented is 
. conceptually similar to other tomographic methods, the 
use of a stationary large field Anger scintillation camera 
to obtain multiple simultaneous views has not previ- 
ously been described. Coded aperture techniques obtain 
nonindependent overlapping views, and the rotating 
^ collimator technique obtains nonsimultaneous views. 
The 12 cm diameter field of view has been found suffi- 
cient for all hearts studied to date, although accurate 
-positioning is necessary end the right ventricle cannot 
: always be included. Total imaging and computer re- 
~ construction require approximately 15 minutes. The 
> rapidity of the reconstruction algorithm is largely due 
“to the single refocusing step used, which allows maximal 
correction of the initial tomographic planes in a single 
step in contrast to standard iterative techniques.!9-?0 
Additionally, due to the use of planar rather than axial 
tomography, tissue absorption correction can be easily 
* approximated. 

Comparison with other scintigraphic methods: 
The results of standard myocardial perfusion scintig- 
raphy, which showed abnormalities in 4 percent of 
persons with normal coronary angiograms and 74 per- 

; cent of patients with coronary artery disease, agree 
closely with the data of Bailey et al.* and Ritchie et al.,8 
who found abnormal scintigrams in 0 and 4 percent of 
.. normal persons and 75 and 76 percent of patients with 
- coronary artery disease, respectively. The similar sen- 
sitivity values obtained suggest comparable method- 
ology. Botvinick et al.2! and Ritchie et al.? found sen- 
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sitivity values of 85 percent and 78 percent, respectively, 
comparing scintigraphy with angiography, but had 11 
and 12 percent, respectively, falsely abnormal images. 
In keeping with the greater ability of tomography to 
visualize segment detail, 95 percent of patients with 
coronary disease had abnormal tomographic scinti- 
grams with exercise. Such improvement in sensitivities 
of the tomographic technique is consistent with the 
abstracted data of Cantez et al.,2* which suggested im- 
provement in thallium-201 imaging sensitivity with the 
addition of tomographic technique. Recently, Nishi- 
yama et al.” measured the resolution and sensitivity in 
detection of experimental infarction of pinhole, high 
resolution parallel hole and converging collimators. 
Their data suggested that use of the pinhole collimator 
resulted in an approximate threefold increase in reso- 
lution of thallium-201 images compared with high res- 
olution collimation. Moreever, use of a pinhole colli- 
mator increased the rate of detection of experimental 
infarction to more than 90 percent compared with the 
75 to 80 percent rate of a high resolution collimator. A 
third factor that may add to the improved detection of 
coronary artery disease with our technique is its ability 
to obtain seven views within approximately 10 minutes. 
The large number of views may facilitate detection of 
a perfusion defect through its visualization in a more 
favorable projection. Comparably performed by stan- 
dard imaging technique, seven views would require 
more than an hour's imaging time with accompanying 
image degradation due to redistribution. Examples of 
quantitatively and visually falsely normal standard 
scintigraphy coupled with quantitatively and visually 
abnormal tomography are shown in Figures 4 and 5. 

Possible limitations: À possible limitation of our 
study is the performance of tomography before standard 
imaging, allowing a period of 10 to 15 minutes during 
which thallium undergoes redistribution.?“4 Two fac- 
tors suggest that this is not an important issue. First, as 
mentioned before, the similar sensitivity values for 
standard imaging compared with those previously re- 
ported suggest that this delay has not significantly al- 
tered these images. Second, directly measured rates of 
thallium-201 redistribution in patients in Group II 
suggest that less than 5 percent redistribution occurs 
in this 10 to 15 minute period, thereby altering the 
standard views quantitatively to a minor degree. 

In summary, the new tomographic and quantitative 
profile analysis techniques presented result in high 
specificity and sensitivity rates for the detection of 
coronary artery disease using thallium-201 myocardial 
perfusion imaging. These techniques can be rapidly 
performed with generally available nuclear medicine 
resources. 
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-coronary artery. Acute occi sion 


signal of the photokymogram 
inward motion and late systo 
akinetic and dyskinetic. Systolic a 


motion abnormalities and holds promise as 
ischemic heart disease in man. — 


Abnormalities of left ventricular segmental wall ction e sensitiveand 


specific markers of ischemia. Recent animal stuc ave shown that 
abnormal segmental wall motion, induced by acute regional myocardial : 
ischemia, precedes electrocardiographic S-T segment changes'~> and 
that these abnormalities are readily precipitated by both exercise? and 
cardiac pacing? in the presence of partial coronary stenosis. Similarly, 
exercise stress studies have indicated that segmental wall motion analysis 
contributes significantly to improved diagnostic accuracy wit stress 
testing.? However, the main noninvasive techniques currently in use— 
echocardiography,?!? cardiokymography!!-!3 and gated blood pool . 
scintigraphy?—have important limitations when used to diagnose. 
ischemic heart disease. Echocardiography is difficult to perfor 

exercise, cardiokymography is limited to analysis of anterio ; 2 
wall motion and technetium-99m ventriculography cannot detec zn 
to beat changes in wall motion. Additional methods of objective as- 
sessment of regional contraction abnormalities might permit more ac- _ 
curate detection and evaluation of coronary artery di hn 
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Normal tracing: A typical photokymogram obtai 
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What does this 
long distance runner 
have in common 





wy with this 
immobile 
geriatric? 





Potassium 
depletion. 


Not only can prolonged, exhaustive physical training, 
especially in hot weather, lead to progressive hypo- 
kalemia,!+ but high-protein diets — popular among 
athletes — add to renal excretion of potassium.? 

The immobilized geriatric patient may often live on 
an inadequate diet, be taking corticosteroids, and 
may abuse cathartics...too little potassium is ingested 
and too much is lost.*^ 


Effective potassium 


supplementation is required. 


The athlete and the immobile geriatric each have a 
need for potassium, yet safe and effective potassium 
supplementation must be tailored to their 
individual life-styles. 

Patient compliance to potassium therapy can help 
assure a high rate of efficacy, and compliance is 
enhanced by dosage simplicity, convenience, 
and taste. 

The long distance runner can appreciate the con- 
venience of once-a-day dosage for his potassium 
needs. The geriatric needs an easy-to-take, good- 
tasting dosage form which provides GI safety. 











No potassium supplements meet 
varied patient needs better than... 


K-LYTE 


Each effervescent tablet in solution supplies 
25 mEq potassium as bicarbonate and citrate 
Orange and Lime Flavors 


The best of taste for over a decade 


K-LYTE DS 


Each effervescent tablet in solution supplies 
50 mEq potassium as bicarbonate and citrate 
Orange and Lime Flavors 


Convenient once-a-day dosage 


K-LYTE/CL 


Each effervescent tablet in solution supplies 
25 mEq potassium chloride 
Citrus and Fruit-Punch Flavors 


The easy, tasteful, effervescent way 
when the chloride ion is preferred 


The K-LY TE line...safe and 
effective potassium 
supplementation meeting 
a variety of patient needs 


e Safety of a liquid all the way through the GI tract — 
particularly important in the bedridden or immobile patient 
e Clinical evidence of efficacy — rapid absorption for prompt 
therapeutic serum levels in all patients 
* Dosage simplicity and accuracy —convenient effervescent 
tablet forms; no mixing or spillage. Easily fits into the 
A patient's life-style and other medication schedules 
* Great taste and a choice of flavors —an aid to patient 
compliance along with a one- or two-tablet-a-day dosage 
regimen 
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See following page for prescribing information. 





KLYTE 


Each effervescent tablet in solution supplies 
25 mEq potassium as bicarbonate and citrate 


KLYTEDO 


Each effervescent tablet in solution supplies 
50 mEq potassium as bicarbonate and citrate 


KLYTE/GL 


Each effervescent tablet in solution supplies 
25 mEq potassium chloride 


Safe and effective 
potassium 
supplementation 
meeting a variety 
of patient needs 


© 1973 Mead Johnson & Company * Evansville, Indiana 47721 U.S.A. MJL 8-4392 


Prescribing Considerations. 

Indications: K-LYTE DS, K-LYTE and K-LYTE/CL are oral potassium su 
plements for therapy or prophylaxis of potassium deficiency. They are par 
ularly useful when thiazide diuretics, corticosteroids, or severe vomiting 
and diarrhea cause excessive excretory potassium losses; and when dietar 
potassium is low. Carefully monitored, K-LYTE DS, K-LYTE and 
K-LYTE/CL may also be useful for potassium replacement where digitali: 
intoxication results in cardiac arrhythmias. 

Contraindications: Impaired renal function with oliguria or azotemia; 
Addison’s disease; hyperkalemia from any cause. 

Warnings and Precautions: Since the amount of potassium deficiency ma 
be difficult to determine accurately, supplements should be administered 
with caution, and dosages adjusted to the requirements of the individual 
patient. Potassium intoxication rarely occurs in patients with normal kidn 
function. Symptoms of potassium intoxication are variable. They include 
listlessness, mental confusion, and tingling of the extremities. Frequent 
checks of the clinical status of the patient, ECG, and serum potassium lev 
are desirable. In established hvpokalemia, attention should also be direct 
toward other potential electrofyte disturbances. Potassium supplements 
should be given cautiously to digitalized patients and such patients shoul 
be monitored by ECG for cardiac irregularities. To minimize the possibili 
of gastrointestinal irritation associated with the oral ingestion of concentr: 
ted potassium salt preparations, patients should be carefully directed to« 
solve each dose omple in the stated amount of water. 

Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfo 
may occur with the use of potassium salts 

Dosage and Administration: Adults: 1 K-LYTE DS tablet (50 mEq potas- 
sium) completely dissolved in 6 to 8 ounces of cold or ice water, 1 to 2 tim 
daily; 1 K-LYTE tablet (25 mEq potassium) completely dissolved in 3 to 4 
ounces of cold or ice water, 2 to 4 times daily; 1 K-LYTE/CL tablet (25 ml 
potassium chloride) completely dissolved in 3 to 4 ounces of cold or ice w: 
ter, 2 to 4 times daily. NOTE: It is suggested that K-LYTE DS, K-LYTE : 
K-LYTE/CL be taken with meals and sipped slowly over a 5 to 10 minute 
period. 

How Supplied: K-LYTE DS effervescent tablets (orange or lime flavors) a 
available in cartons of 30. K-LYTE effervescent tablets (orange or lime fla- 
vors) are available in cartons of 30 and 250. K-LYTE/CL effervescent tabl 
(fruit punch and citrus) are available in cartons of 30 and 250. All tablets a 
individually foil wrapped. 





References: 1. Knochel JP, Dotin LN, Hamburger RJ: Pathophysiology of intense 
physical conditioning in a hot climate. I. Mechanisms of potassium depletion. J Clir 
Invest 51:242-255, 1972. 2. Knochel JP: Exertional rhabdomyolysis. N Eng J Med 
287:927-929, 1972. 3. Rose KD: Warning for millions: intense exercise can deplete 
potassium. Phys and Sportsmed 3:67-70, 1975. 4. Westerman RL, Snively WD, Jr: 
Potassium deficit: clinical aspects. GP 33:85-93, 1966. 5. Katsikas JL, Goldsmith € 
Disorders of potassium metabolism. Med Clin North Am 55:503-512, 1971. 
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uglielmo Marconi foresaw an end to the silence 
of the airwaves, and the lifeline of wireless 
communication was born. 


Intermedics is on the same wavelength, 
with another breakthrough in pacemaker technology. 





ŅyberLi 
"he multi-graerammahle paeemalser 


vith telemetry. 


developing wireless technology, Marconi paved the way 
‘the modern electronic achievement known as telemetry. 
ermedics has applied this achievement to cardiac 
semaker technology. It is available in the CyberLith. 









Telemetry allows you to non- 
invasively monitor and clini- 
cally evaluate the functioning 
$ of the multi-programmable 
CyberLith || CyberLith pacing system. 
Multi-Programmable || This monitoring capability, 
C-MOS Model 253-01 [| and the therapeutic flexibility 
Il ofthe CyberLith, combine to 
2 provide the most complete 
Intermed ics In Š pacing system available. 
" bn: first time, one pacemaker, the 


pe incorporates the following features: 





teen Pacing Rates 

xgrammable pacing rates, from 30 to 120 ppm, offer 
1maximum versatility in meeting the changing needs 
jour patients. 


fteen Pulse Widths 
choice of pulse widths from C. 15 to 2.29 msec assures 
sctive pacing for each patient. 








Seven Sensitivity Levels 
Precise sensitivity adjustments are possible to respond to 
varying clinical situations. 


Three Pacing Modes 

You may choose the mode best suited to your patient's 
condition and environment without the need for 
surgical intervention. The modes available are: 
R-wave inhibited (demand)— asynchronous (fixed 
rate) —R-waye synchronous (demand). 


CyberLith telemetry makes 
possible more accurate esti- 
mation of the pacemaker’s 
remaining service life. 
Battery voltage, battery 
impedance, electrode lead 
impedance, and exact 
timing of sensing and pacing events can all be determined 
for detailed evaluation. 





Fail-Safe Programming 

A battery powered (rechargeable) portable Programmer 
gives you the flexibility to alter the CyberLith’s pro- 
grammable features individually or simultaneously. In 











s. the Programmer's design makes accidental 
pdtttogramming virtually impossible. And instantaneous 


ing to original nominal pacer parameters 
canbe aha by depressing a single button. 


| The CyberLith is making History. Now. 

- Please contact your Intermedics representative for more 
. complete information on the many advantages of 

: CyberLith therapeutic pacing. At Intermedics, we are 
ing tomorrow's technology today, because 
OUR BUSINESS IS LIFE. 








Free limited-edition print offer 

from Intermedics, Inc. 

The Guglielmo Marconi original water color shown on 
the first page of this ad is the second in a series commis- 
sioned by Intermedics. A limited-edition print, num- 
bered and signed by artist Ron Adair, is being made 
available by Intermedics to physicians only. To obtain 
your print please write to Marketing Administration, 
Intermedics, Inc., PO. Box 617, Freeport, Texas 77541. 


Note: 
The CyberLith is currently undergoing clinical evaluation and is not routinely available 
ona commercial basis. 


GIntermedics, Inc., November, 1978 
CyberLith is a trademark of Intermedics, Inc. 


Intermedics Pulse Generators 


INDICATIONS FOR USE Implantable cardiac pulse generators 
b be indicated for paa treatment of impulse formati 
conduction disorders resulting in symptomatic bradyarrhythmias, 
tachyarrhythmias, and bath block unresponsive to drug therapy. 


PRECAUTIONS Implanted pacemakers have a finite and relatively 
widely variable service life as a result of factors such as the initial ca 
of the battery and the shelf storage time of the manufactured pace: 
variations in e system resistances, stimulation rate, and the f 
centaguel ine Hie nokea pacemales iie d am 
tronic component failures 

Pacemaker operation can be influenced by electric, magnetic, or 
tromagnetic energy mimicking normal cardiac activity. In addition, 


tain environmental sources can couple sufficient a 

syri to dora DEDE «iae Specifically, dia t 
used on pacemaker patents because of possible toral inhibition of 

bis sa electrocautery can inhibit and/or d. 

as well as cause burns or 


creased cardiac muscle damage from illation. Microwave ov 
do not exceed federal guidelines for leakage (0.5 m W//cm' at 2. Dee 
the appliance) will not affect the pacemaker, eh jaa pb 
amount may cause interference. Certain electrical and gasoline-pow 
appliances can cause inhibition of an implanted cardiac pacemake 
system. 

For complete precautions, see the Physician’s Manual for the Inter : 
medics cardiac pulse generator to be used. 


CONTRAINDICATIONS AND SIDE EFFECTS There are no 
known contraindications to the use of pacemakers as a medical met! 
for control of heart rate. Body rejection phenomena, local tissue 
reaction or skin necrosis, and nerve stimulation, embolism, and - 


cardiac tamponade have been reported. 


1@ Intermedicsinc. 


PO. Box 617 Freeport, Texas 77541 
Tel: (713) 233-8611 
Toll free: 1-800-231-2330 


Our business is life. 
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SELDINGER WITH HOLLOW STY- 3 PENCIL POINT PERCUTANEOUS 
LETTE. Identical to UMI Disposable First disposable pencil point needle 
Modified Seldinger needles, except available. Identical to UMI Modified 
cutting stylette is hollow for im- Disposable Seldinger needles, e 
mediate bleed-back recognition. cept cutting stylette has penci 
Z Precludes need for transfixing the point tip. Two point lengths avail 


rtery in femoral punctures. In adult sizes, 16 and able, 2 and 4 mm tapers. Comes with blunt obturato 
EN and pediatric size, 20 TW. Comes with blunt 
obturator. 


LA 
P 
A 


PEDIATRIC SELDINGER. Identical 4 ONE-WALL PUNCTURE. Sharpeneg 
to UMI Disposable Modified Adult cannula with medium bevel, plasti( 
Seldinger needles, except shorter, luer hub, for one-wall punctures 
and in smaller gauges. "Stick-out" Available in various lengths anc 
is within 1 mm from heel of bevel gauges from 16 to 21 TW. 


to end of cannula. Extremely sharp 

tionally-ground point. Widest range of sizes now 

ilable — 20 and 21 TW; 144” to 234" lengths. Comes 
ith blunt obturator. 





PLEASE CALL OR WRITE TODAY [77———-———————-——-—--——----------2--- 
FOR DETAILS... UNIVERSAL MEDICAL INSTRUMENT CORP. 

E. e rodni an Dept. 2049, Box 100, Ballston Spa, N.Y. 12020 

* Current Catalog & Prices L] Send me your Catalog and Prices . . . and New Product Bulletin 

* Needles made to your specifications on 4 new disposable needles. 


9 L] Send me information on custom-made needles. | enclose 
specifications on a separate sheet. 


Name 
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‘Hospital Street Address 
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If you've come to expect 

only this much of Catapres... 

1. smooth lowering of blood pressure 

2. effective for all degrees of hypertension (mild to 
moderate in potency) 

3. brain, heart, and kidney blood flow preserved 


Ask for more of Catapres 


no contraindications 


normal hemodynamics 

low incidence of depression and orthostatic 
hypotension 

no fatal hepatotoxicity 

excellent record of compliance 


Most common side effects are dry mouth, drowsi- 
ness and sedation, which generally tend to diminish 
with time. 


Please see brief summary of prescribing information on 
last page of this advertisement for warnings, precautions, 
and adverse reactions. 
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Catapres* 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 
(clonidine hydrochloride) is mild to moderate in potency. 
It may be employed in a general treatment program 
with a diuretic and/or other antihypertensive agents 

as needec for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy. in view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
benefits outweigh the potential risk to mother and fetus. 
Usage in Children: No Clinical experience is available 
with the use of Catapres (clonidine hydrochloride) in 
children. 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapic rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their physician. Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pres- 
sure, should it occur, can be reversed by resumption 

of clonidine hydrochloride therapy or by intrave- 

nous phentolamine. Patients wno engage in poten- 
tially hazardous activities, such as operating machinery 
or driving, should-be advised of the sedative effect. 

This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction, 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While. 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 


Tablets of 0.1 and 0.2 mg ® with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increase 
| idi H in the incidence and severity cf spontaneously occur- 

ont ine ring retinal degeneration in albino rats treated for 


6 months or longer. 


Adverse Reactions: The most common reactions are 
: dry mouth. drowsiness and sedation. Constipation. 
dizziness. headache. and fatigue have been reported 
a 


Generally these effects tend to diminish with continued 


therapy. The following reactions have been associated 
with the drug. some of them rarely. (In some instances 
an exact causal relationship has not been established.) 
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These include: Anorexia. malaise, nausea. vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride. chlorthalidone and 


E hydrochloride. Weight gain. transient el 
-.. Counsel...and Catapres. They can help change ton of blood glucose. or serum creatine phosphokinase 
: : , rt : i ; vivi 
E the odds against your patient's future. And to Eier niglmres. insomnia oer behaviorgi.— 
~~ change them even more, ask us for these from M eaccumic eds has TOA 
A H . rti . th f the hair. t ot ted 
your Boehringer representative: wih a rash. impotence, urinary retention, increased 
; 3 " n 5s sensitivity to alcohol. dryness. itching or burning of the 
— A major new film "Compliance: State of the Art ean cose Coote ik vea Meets 
EN compliance monograph electrocardiographic abnormalities manifested as 
` ; Wenckebach period or ventricular trigeminy. 
Vx Patient Aid Booklet Overdosage: Profound hypotension, weakness. somno- 
— Patient Worksheets eos er nares Neo a T 
Bina i j hydrochloride) b: I child f 1 ths t 
Patient Reminder Postcards Deere at Rt sel d 
zem Other effective compliance enhancers analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 


10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage. 


References: How Supplied: Catapres. brand of clonidine hydro- 
1. Wilber JA, Barrow JS: Am J Med, 52:653-663, 1972. chloride. is available as 0.1 mg (tan) and 0.2 mg 
2. Data on file at Boehringer Ingelheim Ltd. plat ei oval. single-scored tablets in bottles of 100 
a ; 
For complete details, please see full prescribing 
information 


Under license from Boehringer Ingelheim GmbH 







Boehringer Boehringer Ingelheim Ltd. 
Ingelheim Ridgefield, CT 06877 
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Fifty consecutive patients admitted within 12 hours of the onset of - 
symptoms of acute myocardial infarction were randomly assigned to. ; 
treatment with intravenous glucose-insulin-potassium infusion (23 pa- - 
tients) or to a control group (0.5 N sodium chloride infusion) (27 patients). - 
The glucose-insulin-potassium infusion consisted of 30 g glucose, 50U 
regular insulin and 80 mEq KCI per liter infused at 1.5 ml/kg per hour for- 
2 days. Serial measurements were made of pulmonary arterial end-dia- : 


stolic pressure, cardiac index, daily fluid intake and output, serum glucose, _ d 
potassium, urea nitrogen, free fatty acids, osmolarity, creatine kinase-MB — 


isoenzyme and cardiac rhythm. Although all patients admitted comatose 


died (three glucose-insulin-potassium recipients, one control subject), - : 


hospital mortality in patients admitted noncomatose was 0 percent (0 of 
20) in glucose-insulin-potassium recipients versus 12 percent (3 of 25) 
in the control group (three deaths secondary to late pump failure). Glu- 


cose-insulin-potassium recipients experienced 4.9 + 1.3 hours of three — v 
or more premature ventricular complexes/min compared with 11.1 £190 


hours for control subjects (P <0.02). Twelve control patients had 60 E 


episodes of ventricular tachycardia compared with seven glucose-insu- E 
lin-potassium recipients, who had 12 episodes of ventricular tachycardia. : 
During glucose-insulin-potassium infusion, fluid intake and output, serum 


glucose and potassium were significantly increased compared with values 
in control subjects, blood urea nitrogen and free fatty acids were de- 
creased, whereas osmolarity, pulmonary arterial end-diastolic pressure — 
and cardiac index did not differ significantly from control values. Creatine 
kinase-MB infarct size averaged 124 + 15 IU/liter in glucose-insulin- 
potassium recipients and 109 + 14 IU/liter in control subjects (difference E 
not significant). us US 

These data demonstrate that, in patients with acute infarction, glu- 
cose-insulin-potassium infusion (1) does not adversely alter hemody- 
namics, (2) reduces free fatty acids, (3) diminishes frequency of ven- 
tricular arrhythmias, but (4) has no demonstrable effect on infarct size 
as assessed with creatine kinase isoenzyme values. In this ongoing ran- 
domized clinical trial, the number of patients studied is too small to permit 
definite conclusions to be reached regarding the effect of glucose-insu- 
lin-potassium infusion on hospital survival. 


Solutions of glucose, insulin and potassium have been utilized clinically - - 


in an attempt to reduce the morbidity and mortality of acute myocardial 
infarction. Clinical and experimental studies! * have shown that glucose 


or glucose-insulin infusions suppress elevated levels of potentially toxic - : 


serum free fatty acids. Other studies have suggested that glucose-insu- 
lin-potassium infusion might lessen the frequency of ventricular ar- 
rhythmias,-!? reduce myocardial infarct size!! and limit the mortality 
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. of acute myocardial infarction.9!?-14 However, other 
investigators!?-!? have provided conflicting data on the 
efficacy of glucose-insulin-potassium infusion, and 
concern has arisen that the osmotic load of the infusion 
might unfavorably affect left ventricular filling pressure 
in patients with acute myocardial infarction! - 

Thus, the purpose of the present investigation was 
to determine, in patients with acute myocardial in- 
farction, if glucose-insulin-potassium infusion alters left 
ventricular filling pressure, serum free fatty acid levels, 
the incidence of ventricular arrhythmias, myocardial 
infarct size and hospital mortality. This report describes 
hemodynamic, enzyme, metabolic and rhythm data 
obtained in the first 50 patients with acute myocardial 
infarction entered into an ongoing randomized study 


_ of the effects of glucose-insulin-potassium infusion. 


Methods 
Patient Population l 5 
-. The study group was composed of patients admitted to the 

coronary care unit at the University of Alabama Medical 
- Center with symptoms of acate myocardial infarction and 
subsequent rise and fall of creatine kinase MB isoenzyme 
levels. Patients were excluded from this study if baseline data 
could not be collected within 12 hours of first symptoms of 
myocardial infarction. We also excluded (1) patients over age 
15 years, (2) patients with insulin-dependent diabetes, and 
(3) patients with acute oliguria (urinary output less than 20 
cc/hour) or evidence of chronic renal failure (blood urea ni- 
trogen more than 30 or creatinine more than 2.0 mg/dl, or 
both); because prior experience! demonstrated that these 
patients tolerate instrumentation and glucose-insuliri-po- 
tassium infusion poorly. 


Study Design 


On admission to the coronary care unit, each patient un- 
derwent a routine medical history and physical examination 
(Fig. 1). After giving written, informed consent, all patients 
underwent bedside right heart catheterization with insertion 
of a thermistor Swan-Ganz pulmonary arterial catheter. 

Baseline measurements of pulmonary arterial end-diastolic 
pressüre and thermodilution cardiac index were then ob- 
tained. : 

Patients were then randomly allocated to a glucose-insu- 
lin-potassium or control group. The glucose-insulin-potassium 
group received a solution of glucose, 300 g, potassium chloride, 
80 mEq and regular insulin, 50 units/liter, through the right 
atrial port of the Swan-Ganz catheter at a rate of 1.5 ml/kg per 
hour'-!^ for 2 days. The control group received 0.5 N saline 


EIK 
EIK = 2d 
G.5N NaCL 
CONTROL : 2d 


938 Natl = 2¢ 





FIGURE 1. Study design. After a routine medical history (Hx) and 
physica! examination (PE). bedside right heart catheterization (r heart 
cath) was performed, pulmonary arterial end-diastolic pressure (PAEDP) 
and thermodilution cardiac index (CI) were obtained, and patients were 
randomly assigned to either a glucose-insulin-potassium (GIK) or a 
control infusion group. 


802 April 1979 The American Journal of CARDIOLOGY Volume 43 


solution at a minimal “keep-open” rate (approximately 20 
cc/hour) for 2 days. Thereafter both groups of patients were 
treated identically, receiving 0.5 N saline solution at a 
"keep-open" rate through the Swan-Ganz catheter for an 
additional 2 days. l 

During the 4 day study period, serial measurements were 
made of pulmonary arterial end-diastolic pressure, cardiac 
index, daily fluid intake and output, serum glucose and po-- 
tassium, blood urea nitrogen, free fatty acids and osmolarity. 
Samples for creatine kinase MB isoenzyme analysis were 
obtained at 3 hour intervais for 96 hours after admission and 
were utilized for creatine kinase MB iscenzyme estimates of 
infarct size (see later). Cardiac rhythm was monitored con- 
tinuously during the 48 hour treatment period both by a 
technician and by a computer system, and ventricular ar- 
rhythmias were quantified as described later. Finally, hospital 
mortality was assessed. os 

Ancillary drug therapy: Cardiac drags of proved efficacy 
were administered for standard clinical indications; however, 
no drugs were given prophylactically. 

After the original hemcdynamic assessment, furosemide, 
sublingual nitroglycerin or isosorbide dinitrate, or both, was 
administered to patients whose pulmonary arterial end-dia- 
stolic pressure was greater than 24 mm Hg in order to reduce 
this pressure to 20 to 24 mm Hg.! Conversely, patients with 
pulmonary arterial end-diastolic pressure of less than 20 mm 
Hg and a cardiac index of less than 2.5 liters/min per m? were 
given low molecular weight dextran for volume expansion until 
pulmonary arterial end-diastolic pressure increased to 20 to 
24 mm Hg or cardiac index was greater than 2.5 liters/min per 
m?. Dextran or isosorbide dinitrate was also routinely ad- 
ministered on days 2 and 3 of the study protocol for con- 
struction of left ventricular function curves. The resülts of 
these function curve studies will be reported separately. 

Lidocaine was administered intravenously at a rate of 20 
to 50 ug/kg per min to patients having six or more premature 
ventricular complexes/min, premature ventricular contrac- 
tions occurring in salvos of two or more, ventricular tachy- 
cardia, or ventricular fibrillation. Once the ventricular ar- 
rhythmia had been completely suppressed for 3 to 4 hours, the 
lidocaine infusion rate was rapidly tapered to 0. 

Digoxin was administered only for treatment of supra- 
ventricular tachycardia with rapid ventricular response. No 
patient was given hyaluronidase, nitroprusside, corticosteroids 
or propranolol during the study period. 


Assay Techniques 


Hemodynamic measurements: Pulmonary arterial 
pressure and thermodilution cardiac index were determined 
with use of a previeusly described computerized patient 
monitoring system.?! 

Chemical determinations: Processing of serial blood 
samples for creatine kinase MB extraction and calculation of 
creatine kinase MB infarct size (or accumulated creatine ki- 
nase MB release) were performed exactly as recently described 
in work from our laboratory.” Serum glucose and potassium 
and blood urea nitrogen were measured using standardized 
automated techniques on Technicon model 1260 and model 
AA Il auto analyzers. Free fatty acids were analyzed according 
to the method of Itaya and Ui.?? Osmolarity was determined 
by freezing-point depression with an Osmette Precision Os- 
mometer, model no. 2907 (Precision Systems, Sud bury, 
Massachusetts). 

Rhythm analysis: Cardiac rhythm was monitored con- 
tinuously during the study period by both a trained monitor 
technician and a computerized electrocardiographic recording 
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system.24 The technician mounted in a diary those rhythm 
strips showing the occurrence of atrial or ventricular ar- 
rhythmias, or both, conduction disturbances or other signif- 
icant electrical events. In addition, regardless of the cardiac 
rhythm, the technician preserved a 15 second rhythm strip 
obtained every 4 hours, on the hour. The computerized system 

recorded all normal and abnormal electrical events. From a 
random 15 min/hour “window” of computerized data and 
from the technician's diary, it was established whether three 
or rhore premature ventricular complexes/min had occurred 
during each hour. Each episode of ventricular tachycardia 
(defined as three or more consecutive ventricular complexes 
at a rate of 150/min or greater) was tabulated. Ventricular 
arrhythmias were thus expressed as (1) hours of three or more 
premature ventricular complexes/min, and (2) episodes of 
ventricular tachycardia per patient. 

Statistics: Continuous data are reported as mean + stan- 
dard error of the mean. The nonpaired t test and chi-square 
test were used to assess differences between groups of non- 

- paired data. 


Results 


Clinical data: Of the 50 patients, 27 were randomly 
allocated to the control and 23 to the glucose-insulin- 
potassium infusion group (Table I). Mean age, sex dis- 
-tribution and incidence of prior myocardial infarction 
were similar in the two groups. Elapsed time from the 
_ first symptom of infarction until randomization was 
similar and averaged approximately 7 hours in the two 
groups. Ventricular fibrillation or cardiac arrest, or both, 
before randomization was documented in 28 percent of 
the patients (14 of 50). Four patients—one in the control 
group and three in the glucose-insulin-potassium 
group—had sustained a prolonged cardiac arrest and 
were deeply comatose on admission. In both groups, 
anterior infarcts were most common. Hemodynamics 
and degree of heart failure on admission were similar 
as assessed by the Killip classification, pulmonary 
arterial end-diastolic pressure and cardiac index. 

The overall hospital mortality rate for the 50 pa- 
tients was 14 percent (7 of 50). It was 15 percent (4 of 27) 
in the control group and 13 percent (3 of 23) in glu- 
cose-insulin-potassium group (difference not signifi- 
cant). However, in the glucose-insulin-potassium group, 
all deaths occurred in patients who had sustained pro- 
longed cerebral hypoxia and had been admitted coma- 
tose, had been respirator-dependent and had shown no 
evidence of neurologic recovery throughout their hos- 
pitalization. The four deaths in the control group oc- 
curred in one patient who had been admitted comatose 
and in three patients who had been admitted nonco- 
matose but subsequently died of late cardiac pump 
failure 9 to 11 days after randomization. 

No complications attributable to glucose-insulin- 
potassium infusion were encountered. In five patients, 
serum glucose levels rose above 300 mg/100 ml, requir- 
ing use of supplemental subcutaneous or intravenous 
regular insulin. 

Hemodynamic data: Left ventricular filling pres- 
sure, estimated from pulmonary arterial end-diastolic 
pressure?? (Fig. 2), was elevated on admission in both 
the glucose-insulin-potassium and control groups but 
fell proportionately in both groups during the study 
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FIGURE 2. Pulmonary arterial end-diastolic pressure (PAEDP) during 
the study period. The baseline (BSL) pressure was elevated in both the : 

glucose-insulin-potassium (GIK) and the control groups, but decreased 

proportionately in both groups during the 4 day study period. This- 

variable did not differ significantly in the two groups. N = number of 

subjects. 






period. At no time was pulmonary arterial end-diastolic 
pressure significantly different in the two groups. The © 
dosage and frequency of administration of diuretic 
drugs, nitrates and dextran were also similar in the two ^. 
groups (Table II). E 

Cardiac index averaged 3.0 + 0.2 liters/min per m? - 
during the 48 hour treatment period and 3.6 + 0.2 li- 
ters/min per m? during the second 48 hour period in the 
glucose-insulin-potassium group; the respective values 
were 3.4 + 0.2 and 3.8 + 0.2 liters/min per m?, in the 
control group (difference not significant). 








TABLE | 

Clinical, Hemodynamic and Rhythm Data on Admission* 
Control GIK 
Group Group 

Patients (no.) 27 23 

Age (yr) 5841 5642 

Sex 24M, 3F 21M, 2F 

Prior MI 8 (30%) 11 (4895) 

Arrhythmia (before randomization) 

Cardiac arrest/V Fib 5 (1996) 9 (3996) 


Atrial fibrillation 3(1395) 

2? or 3? A-V block 0 (096) 1(496) 

Elapsed time until 7.0 à 0.8 
randomization (hr) 


Mental status 
Alert 26 (9696) 20 (87 96) 
Comatose 1(496) 3 (13%) 
Mi Location by ECG 
Anterior 13 (48%} 13 (5796) 
Inferior 8 (30%) 7 (3096) 
Undetermined 6 (2295) 3 (1396) 
Killip class?5 19 40.2 1.8 € 0.2 
PAEDPT 20 £2 2142 
cr 3.1102 29 0.2 








statistically. 

t Hemodynamic variables were measured immediately after 
Swan-Ganz catheter insertion and before volume manipulation. 

A-V = atrioventricular; Cl = cardiac index (liters/min perm?) EGG > 
= electrocardiogram; GIK = glucose-insulin-potassium; MI = myo- 
cardial infarction; PAEDP = pulmonary arterial end-diastolic pressure 
(mm Hg); 2° = second degree; 3° = third degree; V Fib = ventricular 
fibrillation. 
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— TABLE IE 
: Supplemental Drugs Employed During 48 Hour Treatment Period” 








GIK Group (no. = 23) 





Control Group (no. = 27) 





Recipients Dosage/ Dosage/ Recipients Dosage: Dosage/ 
(no.) Recipient Group (no.) Recipiert Group 
Furosemide (mg) 9 111431 37+ 14 g 108 + 47 41419 
Sublingsal isosorbide dinitrate (mg) 16 24+2 14+3 16 29 £5 23 t5 
Digoxin (mg) 0 0 0 1 0.5 0.02 + 0.02 
Morphine (mg) 14 1443 7+2 11 144 642 
Dexiran (ml) 10 305 + 42 113 +33 16 284 + 43 123 + 35 
KCI (mEq) 9 54 i 12 t846 5 52+ 15 17245 





* Distribution of recipients and dosages in control and glucose-insulin-potassium groups did not differ statistically. 


GIK = clucose-insulin-potassium; KCI = potassium chloride. 


Total fluid intake in the glucose-insulin-potassium 
-group during the 48 hour treatment period averaged 8.5 
+ 0.2 liters compared with 4.9 + 0.3 liters in the control 
group (P <0.0001). Fluid intake during the second 48 
hour period (days 3 to 4) was 4.8 + 0.2 liters in both 
groups. 

Total measurable fluid output in the glucose-insu- 

lin-potassium group was 5.9 + 0.5 liters during the 48 
hour treatment period compared with 4.2 + 0.3 liters in 
~~ the control group (P «0.005). Fluid output was similar 
during the next 48 hours, averaging 3.8 + 0.3 liters in the 
control group and 4.0 + 0.3 liter in glucose-insulin- 
potassium recipients. 

Metabolic data: Baseline serum free fatty acid 
levels were abnormally elevated in both groups on ad- 
mission (Fig. 3), being slightly higher in the glucose- 
insulin-potassium group (1113 + 127 u mol/liter) than 
in the control group (782 + 78 u mol/liter) (P «0.05). 
Despite this random baseline disparity, free fatty acid 
levels fell dramatically in the glucose-insulin-potassium 
recipients during the 2 day treatment period. Free fatty 
acid levels fell slowly in the control group, and on days 
3 to 4, free fatty acid levels were not statistically dif- 
ferent in the two groups. 

Serum glucose in the patients treated with glucose- 
insulin-potassium increased significantly during the 48 
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hour infusion period (Fig. 4) then fell after discontin- 
uation of the infusion. Glucose leveis remained stable 
in the control patients. 

Serum potassium increased significantly during 
glucose-insulin-potassium infusion and remained 
greater than control values until about 24 hours after 
discontinuation of infusion. 

Blood urea nitrogen was transiently depressed in 
glucose-insulin-potassium recipients during the treat- 
ment period, also returning to control levels approxi- 
mately 24 hours after discontinuation of treatment. 

Osmolarity was measured twice daily during the 4 
day study period and did not differ between glucose- 
insulin-potassium recipients and control subjects, av= 
eraging 279 to 286 mOsm/liter in treated patients and 
281 to 287 mOsm/liter in control subjects. 

Enzyme data: Accumulated creatine kinase MB 
release (creatine kinase MB infarct size) (Fig. 5) was 
similar in the two groups, averaging 109 + 14 IU/liter 
in control subjects and 124 + 15 IU/liter in glucose- 
insulin-potassium recipients (difference not significant). 
Similarly, expressing creatine kinase MB infarct size as 
creatine kinase gram equivalents? or as IU/liter nor- 
malized for body surface area showed no difference 
between groups. Subdividing the glucose-insulin-po- 
tassium and control groups into patients who had been 






FIGURE 3. Plasma free-fatty acids (FFA) during the study 
period: Despite a higher baseline (BSL) level, free fatty acids 
were significantly lower in glucose-insulin-potassium (GIK) 
recipients than in control subjects throughout the 2-day 
treatment period. L = liter; M = mol, N = number of subjects; 
p = probability. 



















randomized within 6 hours of symptoms and those 
randomized 6 to 12 hours after symptoms again showed 
no differences (Fig. 5). 

The mean values for the creatine kinase MB disap- 
pearance constant, Ka, were similar in glucose-insu- 
< |in-potassium recipients and control subjects (1.2 X 107? 
— min*! in each group). At 12 hours postrandomization, 
-13 + 3 percent of total creatine kinase MB release had 
- occurred in the glucose-insulin-potassium recipients, 
- compared with 72 + 5 percent in the control subjects 
. (difference not significant). 
— Rhythm data: The frequency of premature ven- 

tricular complexes: decreased during the treatment 
- period in both the control and the glucose-insulin- 
potassium groups (Fig. 6); however, patients receiving 
glucose-insulin-potassium had a lesser frequency of 
premature ventricular complexes during each 12 hour 
interval of the treatment period. Overall during the 
treatment period, glucose-insulin-potassium recipients 
experienced 4.9 + 1.3 hours of three or more premature 
ventricular complexes/min compared with 11.1 + 1.9 
hours for control subjects (P «0.02). 

Similarly, the frequency of ventricular tachycardia 
was less in glucose-insulin-potassium recipients than 


300 


MG/DL 
200 


100 


MEQ/L 


FIGURE 4. Glucose, potassium and blood urea nitrogen (BUN) 
during the study period. Significant increases in serum glu- 
cose and potassium and a significant decrease in blood urea 


canitrogen were noted in glucose-insulin-potassium (GIK) re- 5 


cipients. BSL = baseline; DL = deciliter; MEQ = milliequi- 
valents; MG = milligram; p = probability. 
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in control subjects (Fig. 7). Twelve control patients had. 
60 episodes of ventricular tachycardia, whereas seven 
glucose-insulin-potassium recipients had 12 episodes 
of ventricular tachycardia. 

Lidocaine was administered to patients with ven-: 
tricular arrhythmias according to the previously de- 
scribed criteria. During most of the treatment period, | 
fewer patients receiving glucose-insulin-potassium re- 
quired lidocaine, and the total amount of lidocaine. 
employed was less than that in the control group (Fig. 
8). 

Patients having no detectable periods of three or. 
more premature ventricular complexes/min during the 
2 day treatment period tended to have lower mean free. 
fatty acid values during the treatment period (474 +42 
umol/liter, no. = 16) than patients who had three or- 
more premature ventricular complexes/min (603 x 37 
umol/liter, no. = 33) (P «0.05). Mean free fatty acid 
values were slightly lower in patients having no ven- 
tricular tachycardia during the treatment period (531. 
+ 40 umol/liter) than in those with ventricular tachy- 
cardia (613 + 38 u mol/liter), but this difference did not 
reach statistical significance. Nonparametric (Spear- | 
man) correlation coefficient between frequency of 
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premature ventricular complexes and ventricular 
tachycardia in the 50 patients was 0.62. However, no 
- significant correlations existed between the absolute 
- frequency of ventricular arrhythmias (premature ven- 
“tricular complexes or ventricular tachycardia) and ei- 
. ther free fatty acid levels or infarct size as assessed from 
creatine kinase MB level. 


Discussion 


This prospective randomized study demonstrates 
that glucose-insulin-potassium infusion administered 
^ to patients with acute myocardial infarction is associ- 

ated with a rise of serum glucose and potassium con- 
centrations, a decrease in plasma free fatty acids and a 
reduction in ventricular arrhythmias but no measurable 
difference from control values in left ventricular filling 
pressure, cardiac index, serum osmolarity or enzyme- 
assessed infarct size. The study population in this 
ongoing trial is too small at present to permit definite 
assessment of the effects of glucose-insulin-potassium 
on hospital survival, although an improved survival in 
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FIGURE 5. Comparison of creatine kinase (CK) MB infarct size between 
glucose-insulin-potassium (GIK) and control groups. No significant 
differences in accumulated release of creatine kinase MB isoenzyme 
were noted, although a wide range of individual infarct sizes was ob- 
served. AMI = acute myocardial infarction; L = liter. 


patients admitted to the coronary care unit in a non- 
comatose condition is suggested. 

In a previous nonrandomized study,'4 we suggested 
that glucose-insulin-potassium infusion might reduce 
hospital mortality in acute myocardial infarction. The 
failure of the present study to demonstrate conclusively 
such reduced. mortality may be in part related to the 
more rigid (randomized) experimental design emploved. 
It is also probably related to the current study's smaller 
sample size (50 patients versus 134 in the previous 
study) and lower mortality rates in both glucose-insu- 
lin-potassium and control patients—possibly resulting 
from (1) exclusion of high risk subgroups (elderly, dia- 
betic or azotemic patients), (2) uniform utilization of 
invasive hemodynamic monitoring, and (3) more liberal - 
use of long-acting nitrates for treatment of postinfarc- 
tion heart failure. 

Hemodynamic sequellae of glucose-insulin-po- 
tassium infusion: Because this trial was designed to 
compare glucose-insulin-potassium-treated patients 
with “conventionally-treated” control subjects, it was 


FIGURE 6. Frequency of premature ventricular complexes 
(PVC's) during the treatment period. During each. 12 hour 
interval after randomization, the incidence of such complexes 
was less in the 23 glucose-insulin-potassium (GIK) recipients 
than in the 27 control subjects. n = number of subjects; p = 
probability. 











m 


— 


EPISODES OF VT per PATIENT 


FIGURE 7. Frequency of ventricular tachycardia (VT) during 
the treatment period. Fewer episodes of ventricular tachy- 
cardia were observed in: glucose-instlin-potassium (GIK) o 
recipients than in control subjects. n = number of subjects; 

p * probability. | 


: decided to use as the “control” or placebo infusion a 
minimal amount of 0.5 N saline solution, a hypotonic, 
metabolically inert substance. Thus it was not unex- 
pected that fluid intake and output in the glucose-in- 
sulin-potassium recipients during the 48 hour treatment 
period exceeded those of the control subjects. Inter- 
-estingly, left ventricular filling pressure (pulmonary 
arterial end-diastolic pressure) remained similar in the 
two: groups, as did cardiac index, serum osmolarity, 
dosage of nitrates, diuretic drugs, and volume expand- 
ers. Thus it was cur experience that, with hemodynamic 
monitoring and adjunctive pharmacologic therapy when 
needed, glucose-insulin-potassium infusion was well 
tolerated, even in patients with impaired left ventricular 
function. 

Our experience differs from that of Heng et al.!% who, 
using somewhat different methodology, infused a 2 
ml/kg bolus dose of 50 percent glucose and then 1.5 
ml/kg per hour of 50 percent glucose in patients with 


% MG LIDOCAINE 
60. 
800 
40 
GIK 
* 400 
20 
FIGURE 8. Lidocaine usage during the treatment period. 
During most of the treatment period, fewer glucose-insulin- 
potassium (GIK) recipients than contro! subjects were given 
lidocaine. The dosage of lidocaine administered was signif- P 
icantly (P <0.05) greater in control subjects than in glu- oR 12-24 24-36 36-48 o 72 iP-24 24-36 ^ 36-48 


cose-insulin-potassium recipients 12 to 24 hours after ran- 
üornization. MG = milligram. 
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acute infarction. These investigators noted a greatly - 
elevated pulmonary arterial end-diastolic pressure 1 
hour after the bolus injection, compared. with values in 
control subjects receiving saline solution. However, in: 
our study, no bolus dose of glucose was administered, 
30 percent rather than 50 percent glucose maintenance 
infusion was utilized and serial measurements of pul- 
monary arterial end-diastolic pressure were made for 
96 hours rather than for only 1 hour. 

Effect of glucose-insulin-potassium on metabo- 
lism: Previous studies from our laboratory! have. 
demonstrated that glucose-insulin-potassium infusion 
enhances myocardial carbohydrate utilization while 
suppressing free fatty acid availability. In the present 
study, serum glucose was significantly increased and 
plasma free fatty acid levels were significantly decreased 
during the study period in the patients receiving glu- -> 
cose-insulin-potassium. Serum potassium levels rose = 
significantly in the glucose-insulin-potassium recipients = 
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and “peaked” shortly after the abrupt discontinuation 
of the glucose-insulin-potassium infusion, probably 
reflecting reflux of intracell potassium into the intra- 
vascular compartment. The decrease in blood urea ni- 
trogen during glucose-insulin-potassium infusion was 
probably related to (1) suppression of hepatic protein 
metabolism and urea formation secondary to increased 
carbohydrate availability,?? or (2) a “dilutional” effect 
secondary to increased volume of glucose-insulin-po- 
tassium infusion compared with control values, or 
both. 

In addition to effects on cardiac metabolism, the 
potential effects of glucose-insulin-potassium infusion 
on bedy nutrition should be noted. The glucose-insu- 
lin-potassium infusion supplied approximately 3,000 
calories/day to a 70 kg recipient who, in the setting of 
acute myocardial infarction, might have voluntarily 
consumed significantly fewer calories as a result of the 
fatigue, nausea and altered mental status so common 
after acute infarction. 

Glucose-insulin-potassium and myocardial in- 
faret size: Animal studies have demonstrated that 
infusion of glucose-insulin-potassium after experi- 
mental myocardial infarction can reduce myocardial 

-infarct size!! and preserve tissue glycogen and high 
energy phosphate stores.^? However, a recent canine 
study," suggested that glucose-insulin-potassium 
infusion might delay initial necrosis but exert no long- 
term effect on reduction of scar size. 

The present study in patients with acute infarction 
demonstrated no difference in accumulated release of 
cardiac-specific creatine kinase MB isoenzyme between 
patients treated with glucose-insulin-potassium infu- 
sion and control subjects. The rates of creatine kinase 
MB appearance and disappearance were also similar in 
the two groups. It should be noted that both glucose- 
insulin-potassium and control groups showed a wide 
range of creatine kinase-MB infarct sizes, averaging 115 
+ 73 IU/liter (mean + standard deviation). 

Statistical analysis? shows that, given this variability 
in infarct size, a total of about 300 patients in a ran- 
domized study would be required to show a 30 percent 
difference in creatine kinase MB-assessed infarct size 
between treated and control groups. Furthermore, in 
the present study of only 50 randomized patients, a 
difference of creatine kinase MB-assessed infarct size 
of greater than 70 percent between the two groups might 
have been missed. 

Thus. although a difference in creatine kinase MB- 
assessed infarct size between the glucose-insulin-po- 
tassium and control groups is not demonstrated in our 

"data, the sample size is too small and the individual 
variability in infarct size is too great to enable us to state 
definitively that some difference in infarct size between 
the two groups may not exist. In the future, techniques 
such as enzyme prediction of infarct size?! precordial 
R wave mapping? or serial radionuclide angiogra- 
phy?*^! may prove more fruitful in assessing effects of 
glucose-insulin-potassium on infarct size in small pa- 
tient groups, because these techniques use each patient 
as his own control. 


808 April 1979 The American Journal of CARDIOLOGY Volume 43 


Suppression of ventricular arrhythmias in glu- 
cose-insulin-potassium recipients: Our study dem- 
onstrates a reduction in premature ventricular com- 
plexes and ventricular tachycardia in glucose-insulin- 
potassium recipients compared with control subjects, 
despite use of lesser quantities of intravenous lidocaine 
in the former group. The precise mechanism for sup- 
pression of ventricular arrhythmias in the glucose-in- 
sulin-potassium group is not delineated, but several 
hypotheses are worthy of consideration: 

1. Glucose-insulin-potassium infusion may diminish 
the automaticity of Purkinje fibers by repletion of in- 
tracell potassium stores lost by ischemic tissue. 71935 
Although intracell potassium could obviously not be 
measured in the present study, serum potassium was 
observed to rise promptly and significantly in glucose- 
insulin-potassium recipients compared with control 
subjects (Fig. 4). 

2. Glucose-insulin-potassium infusion leads to 
suppression of elevated plasma free fatty acid levels, 
which may be arrhythmogenic.*6-55 Free fatty acid 
levels fell significantly in glucose-insulin-potassium 
reciplents and were significantly lower in patients 
having insignificant numbers of premature ventricular 
complexes during the treatment period compared with 
those having three or more premature ventricular 
complexes/min. 

3. Glucose-insulin-potassium infusion might limit 
infarct size, thereby reducing the mass of arrhythmo- 
genic ischemic tissue. However, as previouslv noted, our 
data confirm neither a reduction in infarct size in glu- 
cose-insulin-potassium recipients nor an overall relation 
between frequency of ventricular arrhythmias and 
creatine kinase MB-assessed infarc? size. 

The beneficial electrophysiologic properties of glu- 
cose-insulin-potassium have been further elucidated 
by recent canine studies showing that glucose-insulin- 
potassium increased late diastolic threshold, lengthened 
refractory period”? and reduced vulnerability to ven- 
tricular fibrillation.?? These experimental observations 
and our clinical data suggest that glucose-insulin-po- 
tassium may impart true antiarrhythmic protection to 
certain patients with acute myocardial infarction. 

Present clinical status of glucose-insulin-po- 
tassium infusion in acute myocardial infarction: 
Our data demonstrate that, with appropriate hemody- 
namic monitoring, zlucose-insulin-potassium can be 
routinely infused in certain subgroups of patients with 
acute myocardial infarction, resulting in elevation of 
serum glucose and potassium levels, lowering of plasma 

ree fatty acid levels and reduction of ventricular ar- 
rhythmias. Salutary effects of glucose-insulin-potassi- 
um infusion on infarct size and hospital mortality are 
not yet proved and will likely require analysis of larger 
patient series in the future. 
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In patients with chronic heart failure exercise allows the simultaneous 
observation of the cardiovascular pathophysiology and the symptoms of 
these patients. We administered short-term, oral prazosin to 10 patients 
with severe chronic heart failure. Prazosin increased cardiac output and 
stroke volume significantly during exercise (both P <0.05) but not at rest 
(both P >0.10). Prazosin decreased the arteriovenous oxygen difference 
and left ventricular filling pressure significantly during exercise (both P 
<0.05) but not at rest (both P 70.10). There was no significant correlation 
between prazosin-induced changes at rest and during exercise in cardiac 
output (r = 0.12), stroke volume (r = 0.02), arteriovenous oxygen dif- 
ference (r = 0.33) or left ventricular filling pressure (r = 0.43). Prazosin 
predominantly affects hemodynamics during exercise because its phar- 
macologic activity as an alpha-adrenergic blocking agent is most prom- 
inent during exercise. The full evaluation of prazosin-induced changes 
in the hemodynamics of patients with chronic heart failure requires 
evaluation during exercise. 


One reason for evaluating drug therapy during exercise in patients with 
chronic heart failure is to simulate the physical activities that put stress 
on the cardiovascular system and cause prominent symptoms in these 
patients. This was the basis for the few published reports on exercise 
hemodynamics in heart failure after the administration of digitalis,! 
diuretics,” phentolamine,’ nitrates*> and hydralazine.® However, if a 
drug’s effects were predictable enough that changes in hemodynamic 
variables during exercise could be inferred from changes at rest, then 
it only would be necessary to evaluate the drug at rest because the de- 
terminants of the hemodynamic variables would interact with the drug 
in the same way at rest and during exercise. 

In recent years, vasodilator drugs were proposed and evaluated as 
pharmacologic agents useful for treating heart failure. Resting hemo- 
dynamic evaluation of heart failure patients was reported for intrave- 
nous, ^? sublingual,!°!! oral!243 and topical vasodilators.!! It was re- 
ported that these drugs improve left ventricular performance by in- 
creasing stroke volume at the same or a decreased filling pressure. It was. 
speculated that these drugs might improve the peripheral availability 
of oxygen because of an increased cardiac output. A new drug, prazosin, 
was recently proposed as a useful agent for treating chronic heart failure 
because of its favorable effects on resting hemodynamics.!^!6 We eval- 
uated the prazosin-induced changes in the hemodynamics of patients 
with chronic heart failure during exereise and correlated these changes 
with the prazosin-induced changes in hemodynamics at rest. 


Methods 


Patients: We studied 10 patients with chronic heart failure (9 men and 1 
woman) with a median age of 65 years (range 46 to 69) who were symptomatic 
on minimal physical activity or at rest (New York Heart Association class HI 








or TV17). The patients were selected from an outpatient pop- 
ulation. Despite maximal doses of digitalis and diuretic drugs 
in these patients, their heart failure symptoms were not ade- 
quately controlled. The patients were hospitalized at least 24 
hours before the initiation of the protocol and were given their 
usual doses of digitalis and diuretic drugs for the duration of 
the study. Before baseline measurements were performed, 8 
of 10 patients had been hospitalized with bedrest for more 
than 72 hours, and 3 of the 10 patients had been hospitalized 
for more than a week. The cause of heart failure was coronary 
heart disease in five patients and idiopathic cardiomyopathy 
in five patients. Despite the differences in resting hemody- 
namic variables among the patients, the minimal left ven- 
tricular filling pressure during exercise was 30 mm Hg. 
Variables measured: Hemodynamic measurements were 
performed with the use of a Swan-Ganz triple lumen catheter. 
These measurements included thermodilution cardiac output 
(CO) in triplicate (standard deviation +10 percent) and right 
atrial pressure. Left ventricular filling pressure was estimated 
from the mean pulmonary wedge pressure or, if that mea- 
- surement was inadequate, from the pulmonary arterial dia- 
stolic pressure, with the method remaining constant in each 
patient. The two latter pressures were equivalent because no 
patient had pulmonary hypertension or severe mitral regur- 
gitation. Blood pressure was measured from a radial arterial 
catheter. Heart rate was measured from the electrocardiogram 
“during simultaneous determination of cardiac output. 

Systemic vascular resistance (SVR) in dynes sec em ^ was 
calculated as: SVR = (AP — RA/CO) x 80, where AP and RA 
are the mean arterial and mean right atrial pressures, re- 
spectively, determined with electronic damping. 

Oxygen saturations were calculated from blood gas anal- 
ysis!? (Corning, Medfield, Massachusetts}, and spot samples 
were checked for accuracy in each patient by direct mea- 
surement of oxygen content!” (sample variation +5 per- 
cent). 

Arteriovenous oxygen difference (AV-O3) in ml/100 was 
calculated as AV-Os = (Asat — PA) X CC, where Asat and 
PA, are the arterial saturation and mixed venous saturations, 
respectively, and CC is the oxyhemoglobin carrying capacity 
calculated from the product of the measured hemoglobin and 
measured oxygen capacity. 

Protocol: Hemodynamic measurements at rest and during 
exercise were performed a few minutes apart with the patient 
in the postabsorptive state. First, the measurements were 
performed while the patients were receiving conventional 
therapy at rest and during exercise. Then the measurements 
were repeated after oral prazosin was added to the proto- 
col. 

The patients performed supine bicycle exercise on an er- 
gometer at a constant pedaling rate of 40 revolutions/min. The 
center of the bicycle ergometer crank was 12 cm above table 
level. The initial work load of 100 kilopond-meters (kpm) was 
increased 50 kpm every 3 minutes. Progressive exercise was 
performed to the patient's sym ptom-limited maximum. The 
symptoms were exhaustion, breathlessness and, in one patient, 
angina. The median maximal work load was 250 kpm (range 
100 to 300). The median duration of exercise was 13 minutes 
(range 6 to 18). Patients were asked to achieve the same peak 
exercise work load and pedaling duration after the adminis- 
tration of oral prazosin as they had achieved while receiving 
conventional therapy. All patients complied with this request 
except one patient who stopped at a lower work load. The 
patient with angina duplicated his previous exercise maximum 
and had similar anginal discomfort. 

Drug treatment using oral prazosin administered every 


. 6 hours was started immediately after measurements on 


EXERCISE HEMODYNAMICS OF PRAZOSIN—-RUBIN ET AL. 


conventional therapy were completed. The median initial dose 
of 3 mg (range 2 to 5) was increased to a median plateau dose 
of 8 mg (range 5 to 10). The first five patients received an. 
initial prazosin dose of 2 to 3 mg and a plateau dose of 5 to T 
mg, according to body weight. The last five patients received 
larger doses, after no adverse hypotensive reactions had been 
observed in the first five patients. The end point of therapy 
was three plateau doses of prazosin. The median total dose of 
prazosin before re-exercise was 43 mg (range 23 to 95), and the 
median duration of prazosin therapy before re-exercise was 
47 hours (range 18 to 92). The patients’ resting hemodynamics 
were monitored during therapy. The patients were exercised 
2 to 3 hours after the final dose of oral prazosin. 

Data analysis: Each patient was observed under four con- 
ditions (at rest and during exercise, with conventional and 
prazosin therapies). T'herefore, appropriate statistical testing 
required the consideration of replicate measurements. The 
conditions were compared using an analysis of variance and. 
a multiple comparison test.?? Cardiac output data were in- 
complete in one patient and arteriovenous oxygen data were. 
incomplete in another patient; these data were excluded from: 
analysis. 

Results 


Cardiac output (Fig. 1): At rest, cardiac output was 
4.1 & 1.7 liters/min (mean + standard deviation) with 
conventional therapy and 5.1 + 1.5 liters/min when - 
prazosin was added, but the increase was not statisti- 
cally significant (P 20.1) because of the variation of 
responses within the group. During exercise, cardiac 
output increased from 5.7 + 2.0 liters/min with con- 
ventional therapy to 7.4 + 2.6 liters/min when prazosin _ 
was added; this increase was significant (P «0.05). 
During prazosin therapy, cardiac output increased 
during exercise because stroke volume increased, but 
heart rate did not increase (Fig. 2). 
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FIGURE 1. Cardiac output. Compared with conventional therapy (C). 
prazosin (P) increased cardiac output during exercise but not at rest. 
Open circles indicate mean values. L = liters; N.S. = not signifi- 
cant. 
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:; FIGURE 2. Contributions to cardiac output. Compared with conventional 
therapy (C). prazosin (P) increased stroke volume during exercise but 

“not at rest. Prazosin did not change the heart rate. N.S. = not signifi- 
cant. 


Arteriovenous oxygen difference and oxygen 
consumption (Fig. 3): At rest, the arteriovenous oxy- 
gen difference was 6.3 + 1.3 ml/100 ml on conventional 
therapy and 5.8 + 1.1 when prazosin was added. How- 
ever, this decrease was not significant (P »0.10). During 
exercise, the arteriovenous oxygen difference decreased 
from 11.7 + 1.8 ml/100 ml on conventional therapy to 
9.8 + 1.9 when prazosin was added. This decrease was 
significant (P <0.01). At rest, oxygen consumption (the 
product of cardiac output and the arteriovenous oxygen 
differenee) was 258 + 79 ml/min on conventional ther- 
apy and 283 4 87 when prazosin was added. During 
exercise, oxygen consumption was 641 + 207 ml/min on 
conventional therapy, and at the same exercise work 
~~ load it was 678 + 209 ml/min when prazosin was added. 
<- There was no statistical difference between conven- 
“tional and prazosin therapy either at rest or on exercise 

(P >0.10) because the prazosin-induced increases in 
cardiac output were balanced by decreases in arterio- 
venous oxygen difference. 
Left ventricular filling pressure and intracar- 
. diac pressures (Fig. 4): At rest, left ventricular filling 
= pressure was 25 + 9 mm Hg on conventional therapy 
-and 20 £ 8 mm Hg when prazosin was added. However, 
this decrease was not significant (P >0.10). During ex- 
ercise, left ventricular filling pressure was 38 + 5 mm 
- Hg on conventional therapy and decreased to 30 + 11 
mm Hg when prazosin was added; this decrease was 
-significant (P «0.05). Prazosin also significantly de- 
-creased the mean pulmonary arterial pressure on ex- 
ercise (from 54.5 + 9.9 to 42.3 + 12.5 mm Hg, P «0.05) 
. but not at rest (from 34.7 + 9.8 to 29.3 + 11.2 mm Hg, 
P 70.10). Prazosin did not significantly change mean 
right atrial pressure either on exercise (from 20.9 4 9.3 
to 18.7 € 9.1 mm Hg, P 70.10) or at rest (from 10.3 + 5.3 
to 9.8 + 4.7 mm Hg, P 50.10). 
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FIGURE 3. Arteriovenous oxygen difference. Compared with conven- 
tional therapy (C), prazosin (P) decreased the arteriovenous oxygen 
difference during exercise but not at rest. Open circles indicate mean 
values. N.S. = not significant. 


Systemic vascular resistance and blood pressure: 
At rest, systemic vascular resistance was 1,420 + 455 
dynes sec cm ^? on conventional therapy and 1,207 + 409 
when prazosin was added. However, this decrease was 
not significant (P »0.10). During exercise, systemic 
vascular resistance was 1,125 + 381 dynes sec em^? and 
decreased to 887 + 368 when prazosin was added. This 
decrease was significant (P «0.05). Also at rest, mean 
arterial pressure was 84 + 12mm Hg on conventional 
therapy and 75 + 6 when prazosin was added (P 20.10). 
During exercise, mean arterial pressure was 102 4 14 
mm Hg on conventional therapy and 94 + 16 when 
prazosin was added (P >0.10). 

Comparison of changes in hemodynamic vari- 
ables (Fig. 5): Prazosin-induced changes in cardiac 
output, stroke volume, arteriovenous oxygen difference 
and left ventricular filling pressure at rest were com- 
pared with changes on exercise. There was no significant 
correlation between prazosin-induced changes in car- 
diac output (r = 0.12), stroke volume (r = 0.02), arte- 
riovenous oxygen difference (r = 0.33) or left ventricular 
filling pressure (r = 0.43) during rest and exercise. 


Discussion 


Left ventricular performance, already compromised 
in patients with heart failure, frequently deteriorates 
further during exercise.?! ?? Decreased left ventricular 
performance during exercise is, in part, responsible for 
the pulmonary congestion and decreased exercise tol- 
erance of patients with chronic heart failure. We eval- 
uated left ventricular performance in patients with se- 
vere chronic heart failure, both at rest and on exercise 
and both before and after treatment with oral prazosin. 
Resting hemodynamics showed that some patients had 
a normal wedge pressure and some patients had a nor- 
mal cardiac output. However, during exercise, all pa- 
tients had a large increase in wedge pressure and an 
inappropriately small increase in cardiac output. Left 
ventricular performance while patients were on con- 
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FIGURE 4. Lett ventricular filling pressure. Compared with conventional 
therapy (C). prazosin (P) decreased left ventricular filling pressure during 
exercise but not at rest. Open circles indicate mean values. N.S. = not 
significant. 


ventional therapy, as measured by the relation between 
stroke volume and left ventricular filling pressure, de- 

 teriorated from rest to exercise. Left ventricular per- 
formance while patients were on prazosin therapy im- 
proved at rest and during exercise compared with con- 
ventional therapy (Fig. 6). Prazosin improved left 
ventricular performance more during exercise than at 
rest because increases in cardiac output and decreases 
in left ventricular filling pressure were consistently 
larger during exercise than at rest. 

Also, the peripheral utilization of oxygen, as mea- 
sured by oxygen uptake during exercise, must be con- 
sidered in evaluating drug therapy for chronic heart 
faiture. Low oxygen uptake during exercise is partly 
responsible for the fatigue and decreased exercise tol- 
erance of patients with chronic heart failure.7^* Oxygen 
consumption during exercise was the same with con- 
ventional and prazosin therapies. Prazosin caused an 
increase in cardiac output but a decrease in arteriove- 
nous oxygen difference. The net result was no change 
in oxygen consumption. 

Mechanism of prazosin action at rest and during 
exercise: Both of the results of our study —improved 
left ventricular performance and unchanged peripheral 
utilization of oxygen during exercise—can be explained 
on the basis of prazosin's physiologic mode of action. 
Pharmacologically, prazosin is a postsynaptic alpha- 
adrenoreceptor blocking agent.” This principal phar- 
macologic mode of action, recently confirmed in isolated 
muscle strips? and whole animal preparations,” might 
be the major mechanism of its physiologic vasodilating 
action. Earlier reports also showed that prazosin is 
pharmacologically active as a direct smooth muscle re- 
laxing agent” and as an inhibitor of the smooth muscle 
enzyme phosphodiesterase.?? The contribution of these 
effects to prazosin's physiologic vasodilating activity is 
unclear. However, prazosin's sympatholytic effect would 
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FIGURE 5. Comparison of changes (A) at rest and on exercise. Pra- 


zosin-induced changes in each of four hemodynamic variables show 


no significant correlation between values at rest and during exercise. . 
LV = left ventricular. ; 


explain the difference between the hemodynamic. _ 
changes during rest and exercise. ; 
In humans at rest, a small but variable degree of 
sympathetic activity contributes to arteriolar tone. On- 
exercise an increase in sympathetic activity increases. 
arteriolar tone in nonexercising portions of the circu- 
lation. '? Consistent with its pharmacologic mechanism 
of action, prazosin would block sympathetic activity and 


decrease arteriolar resistance more during exercise than 


during rest. This action was confirmed by our caleula- 
tions of decreases in total systemic vascular resistance. 
demonstrating that prazosin decreased resistance more 
during exercise (21 percent) than during rest (15 per- 
cent). The use of resistance as a marker of afterload - 
would also help explain our observations that prazosin 
increased cardiac output more during exercise than 
during rest. 
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FIGURE 6. Left ventricular performance. Prazosin (P) improved left 
ventricular performance more than conventional therapy (C) both at 
rest and on exercise (ex), but the improvement was greater during ex- - 
ercise. : 
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Also, in humans at rest, a small but variable degree 
of sympathetic activity contributes to venous tone. On 
exercise, sympathetic tone increases, causing an increase 
in venous tone in nonexercising portions of the circu- 
lation.?' Consistent with its pharmacologic mechanisms 
of action, prazosin would block sympathetic tone and 
decrease venous tone more during exercise than during 
rest. The use of venous tone as a marker of venous re- 
turn would help explain our observations that prazosin 
decreased left ventricular filling pressure more during 
exercise than during rest. 
Because of this mechanism of action, prazosin would 
improve left ventricular performance more during ex- 
ercise than during rest but. would not improve the pe- 
ripheral utilization of oxygen. Blocking the increased 
sympathetic activity of exercise may redistribute the 
exercise-induced increase in cardiac output. Flow might 
be shunted through nonexercising portions of the cir- 
culation and away from exercising portions of the cir- 
culation. Therefore, although total flow increases on 
exercise, the portion of flow distributed to exercising 
muscle might be constant or even decreased. This hy- 
pothesis is supported by our observations that oxygen 
consumption was unchanged on exercise despite the 
increased cardiac output caused by prazosin. However, 
without measurements of changes in flow or metabolism 
of regional circulations, the clinical importance of our 
findings of improved left ventricular performance and 
unchanged peripheral utilization of oxygen remains 
conjectural. 
Another important finding of this study was that 
prazosin-induced hemodynamic changes during exercise 
could not be predicted from changes at rest because 
prazosin did not cause a comparable change in the 
magnitude or even direction (in some patients) of he- 
- modynamic variables during rest and exercise. There- 
. fore, whatever changes prazosin causes in left ventric- 

ular or peripheral performance must be evaluated with 
. protocols that include measurements during exercise. 

Two of the determinants of myocardial oxygen con- 
.Sumption— pulmonary wedge pressure and blood 
pressure— were reduced by prazosin during exercise. 
Therefore, it is possible that this effect would increase 
the exercise work load before the onset of myocardial 

ischemia in patients with angina pectoris. However, our 


study was not designed to test this observation because 
onlv one patient had angina pectoris. 

Differences in results of previous studies: Our 
observations on the resting hemodynamics of short- 
term multiple dose prazosin therapy differ from those 
in reports on the resting hemodynamics of single dose 
prazosin therapy.!^!9 Prazosin-indueed increases in 
resting cardiac output and decreases in resting left 
ventricular filling pressure were significant in those 
reports but were not significant in our study. We pre- 
viously reported that the hemodynamic effects of the 
first dose of prazosin are greater and differ significantly 
from the effects of subsequent doses.?? The pharma- 
cologic basis of this form of tachyphylaxis is unclear but 
may account for the differences in the findings in this 
and previous reports. Other possible reasons for the 
different findings include different patient populations 
or protocols. In our study oral prazosin was added to the 
patient's conventional therapy rather than substituted 
for conventional therapy. Our study also raises some 
technical issues related to drug protocols. No dose- 
response data on the hemodynamic effects of prazosin 
during exercise are available now. Our preliminary 
study of resting hemodynamics disclosed no difference 
between 5 and 10 mg doses.?? 'The duration of multiple 
doses may be important in the development of tachy- 
phylaxis. These questions deserve further inquiry. 

Implications: Our study demonstrated that in pa- 
tients with severe chronic heart failure, the oral ad- 
ministration of prazosin improved left ventricular 
performance but did not improve the peripheral utili- 
zation of oxygen. Our study also demonstrated that 
hemodynamic changes caused by prazosin during rest 
were inconsistent and did not predict changes during 
exercise. Although the precise mechanism of changes 
in exercise hemodynamics is not known, prazosin might 
be a useful vasodilator for treating some patients with 
chronic heart failure—-especially patients whose 
symptoms are most severe during exercise. 
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The interatrial septum is one of the least studied structures in M mode 
echocardiography. Two dimensional echocardiography has made it 
possible to record simultaneous M mode and two dimensional echocar- 
diograms. Such studies were performed in 10 normai subjects and in 9 
patients with a secundum atrial septal defect. In the short axis view of the 
base of the heart. the interatrial septum was visualized in the two di- 
mensional studies as a linear echo running from the posterior aortic wall 
to the posterior atrial wall and in the M mode records as a series of dense 
echoes posterior to the aorta. The great variability in echo dropout of the 
interatrial septum made it impossible to distinguish the normal subjects 
from the patients with atrial septal defect. The dense echoes of the in- 
teratrial septum in the M mode records gave the false impression that they 
were filling the left atrium. These data indicate that (1) a secundum atrial 
septal defect cannot be reliably differentiated from a normal septum using 
these echocardiographic methods, and (2) the medial location of the in- 
teratrial septum should be appreciated so that it will not be confused with 
a left atrial mass. 


The interatrial septum is one of the least studied areas in conventional 
M mode echocardiography because of the difficulty in recording and 
recognizing this structure with the M mode technique.'-* With the en- 
hanced spatial orientation of echocardiographic anatomy offered by two 
dimensional ultrasound, it has become easier to image and identify the 
interatrial septum.^-? By combining these two techniques, it is possible 
to record an M mode echocardiogram of preselected cardiac structures 
while they are being observed with two dimensional echocardiography. 
This allows positive identification of a structure before and during its 
recording with the M mode technique. This method was applied to the 
interatrial septal echo in order to define further its recognition on M 
mode echocardiography. 


Methods 


Ten volunteers with normal findings on cardiovascular examination and nine 
consecutive patients with a seeundum atrial septal defect were examined with 
a Varian V-3000 ultrasonic sector scanner described previously.” Echocardio- 
graphic examinations were performed with the patient in the supine or the left 
lateral position and the transducer in the standard parasternal position.” 
Standard gain settings that allowed all echo- producing structures to be identified 
without introducing artifacts were used. 

Simultaneous M mode recordings were made from any single scan line while 


.the sector scan image was observed.? Serial M mode recordings from sequential 
scan lines across the image field in the area of the interatrial septum were ob- 


tained to illustrate the anatomic relations of the interatrial septum as represented 
on M mode sweeps (Fig. 1). In two of the nine patients with an atrial septal defect, 


FIGURE 1. M mode echocardiogram taken during the 
sector scan of a normal subject. The M mode sweep 
is from the tricuspid valve (TV) and right atrium (RA) 
to the aortic root (Ao) and left atrium (LA), with the 
interatrial septum (IAS) appearing between the right Pe 5 
and left atria. ECG — electrocardiogram; RVOT — right 

ventricular outflow tract. 


two dimensional echocardiograms were also performed during 
cardiac catheterization, with the catheter passing through the 
defect. The plane of the sector scan was aligned with the short 
axis of the heart at the level of the aortic valve (Fig. 2). With 
the sector scan transducer in this position, it was possible to 
visualize the aortic root and valve, the left and right atria, the 
tricuspid valve and the interatrial septum. Two dimensional 
echocardiographic photographs in this study were made from 
the video screen, using a Polaroid” system. The M mode 
tracings were recorded on a Honeywell recorder that is in- 
corporated into the Varian V-3000. 


Results 


Normal subjects: The interatrial septum appeared 
in the two dimensional echocardiogram as a smooth 
series of echoes extending vertically but slightly med- 
ially from the posteromedial boundary of the aortic root 
(7 o'clock position) to the posterior atrial wall (Fig. 2). 
There was considerable variability in the echocardio- 
graphic appearance of the interatrial septum. On two 





FIGURE 2. Same subject as in Figure 1. Drawing (left) and photograph 
(right) of the short axis view at the base of the heart. There is no "echo 
dropout’ of the posterior portion of the interatrial septum (IAS), which 
extends from the posteromedial wall of the aortic root, angling slightly 
medial (rightward) toward the posterior atrial wall. a = anterior; Ao = 
aorta; ECG = electrocardiogram; L = left; LA = left atrium; p = pos- 
terior; r = right; RA = right atrium. 
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dimensional echocardiography in 10 normal subjects, 
the interatrial septum appeared virtually intact in 5 
subjects, partially absent in 4 (Fig. 3) and entirely ab- 
sent in 1 (Fig. 4). In the M mode echocardiogram re- 
corded from the scan lines constituting the two di- 
mensional image, the interatrial septum appeared as 
either a few or a series of multiple linear echoes posterior 
to the aortic root (Fig. 1 and 5). The interatrial septum 
was detected as the scan line producing the M mode was 
swept from the aorta to the tricuspid valve, and the 
septum appeared just posterior to the tangentially cut 
medial portion of the aorta (Fig. 1). In many examples 
septal echoes appeared to be filling the atrium as the 
scan line was angled from the left atrium toward the 
tricuspid valve. 

Patients with an atrial septal defect: In the nine 
patients with a secundum atrial septal defect, echo- 
cardiographic discontinuity or absence of the interatrial 
septum was noted. By ultrasonically imaging the cath- 
eter passing from the right atrium to the left atrium 
during cardiac catheterization, one could localize the 
area of atrial septal defect to the posterior region of the 





FIGURE 3. Drawing (left) and photograph (right) of the short axis view 
at the base of the heart in a normal patient. There is "echo dropout" 
of the posterior portion of the interatrial septum (IAS) just anterior to 
its attachment to the posterior atrial wall. Abbreviations as in Figure 
2. 
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FIGURE 4. Drawing (left) and photograph (right) of the short axis view 
at the base of the heart in a normal patient with an echocardiographically 
absent interatrial septum. PV = pulmonary valve; TV = tricuspid valve; 
other abbreviations as in Figure 2. 


two dimensional image of the interatrial septum. The 
M mode echocardiogram of the interatrial septum in 
these patients was very similar to that recorded in 
normal subjects. 


Discussion 


Echocardiographic anatomy of the interatrial 
septum: The combination of two dimensional and M 
mode echocardiography permits improved anatomic 
definition of cardiac structures imperfectly appreciated 
with M mode echocardiography alone. Combining these 
methods also permits the echocardiographer to under- 
stand the effect of cardiac motion that is not parallel 
with a single scan line resulting in M mode records of a 
given structure. This effect accounts for the M mode 
pattern of recording of the interatrial septum (Fig. 1 and 
5). In two dimensional echocardiographic pictures of the 
interatrial septum, this thin structure is represented by 
a series of vertically stacked linear echoes. Because the 
interatrial septum is nearly parallel with the M mode 
ultrasonic beam or individual scan line of a two di- 
mensional system, the septum and beam may interact 
over a considerable distance within the image field. 
Individual points on the septum give rise to specific 
reflected echoes that appear together as multiple lines 
in these images. These appear as lines rather than points 
because of the limited lateral resolution of the ultrasonic 
beam.!° Such multiple echoes could be confused with 
masses near the atrial septum. Fortunately, most such 
masses are mobile and are seen in the area of the mitral 
valve. However, we know of no sure way using M mode 
techniques to differentiate echoes from the interatrial 
septum from a sessile mass attached to the interatrial 
septum, although recognition of this pattern within the 
normal interatrial septum should be of assistance. 
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FIGURE 5. Same subject as in Figure 2. M mode echocardiogram of 
the interatrial septum (IAS) taken froma single scan line during simul- 
taneous two dimensional echocardiography. The interatrial septum (IAS) 
is represented as a series of linear echoes seen intermittently (pre- 
dominantly during diastole) posterior to the aortic root (Ao). ECG = 
electrocardiogram; RVOT = right ventricular outflow tract. 


The variability in the number of echo reflective points 
along the interatrial septum accounts for the phenom- 
enon of "echo dropout" seen in normal subjects as well 
as in patients with an atrial septal defect. As noted, this 
effect is most pronounced when the interatrial septum 
is aligned parallel with the sampling single ultrasonic 
beam. Our study of a small number of patients confirms 
the findings of Dillon et al.? and Silverman and Schil- 
ler Work appearing after completion of our 
study* 7.11.1? suggests that other transducer locations 
for two dimensional imaging may place the axis of the 
interatrial septum more parallel with the ultrasonic 
beams and increase the visibility and diagnostic utility 
of visualizing the structure. 

Clinical implications: Two dimensional echocar- 
diography has aided understanding of the echoes rep- 
resenting the interatrial septum on M mode echocar- 
diography. The M mode echoes from the interatrial 
septum do not have a unique motion pattern or char- 
acter; however, a high expectation that one will en- 
counter them should help to avoid false positive diag- 
noses of left atrial masses or erroneous identification of 
these echoes. We believe that our study demonstrates 
the benefit of combining two dimensional and M mode 
echocardiography for improved identification of specific 
echoes recognized in M mode tracings. Physical limi- 
tations such as echo dropout are common to both the M 
mode and the two dimensional technique. 
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Portions of operatively resected right atrium from 15 patients with atrial 
septal defect were studied ultrastructurally to determine whether the cell 
hypertrophy in the right atrium of patients with increased right atrial blood 
flow and increased right atrial pressure is caused by the increased blood 
flow. In 12 patients with normal right atrial mean pressure but increased 
right atrial blood flow the atrium was dilated but no atrial arrhythmias were 
noted clinically. Ultrastructurally, the atrial myocardial cells in these 
patients were normai, measuring 6 to 10 a in diameter, and there was no 
evidence of cell hypertrophy or degeneration. The remaining three patients 
had elevated right atrial mean pressure and increased right atrial blood 
flow. Ultrastructurally, the atrial myocardial cells in all three patients were 
hypertrophied, and two patients had evidence of focal cell degeneration; 
the atrium was markedly dilated, but atrial arrhythmias were not noted. 
The lack of cell hypertrophy in the right atrium of the 12 patients with in- 
creased blood flow but normal mean pressure suggests that in congenital 
heart disease volume overload alone does not lead to cell hypertrophy 
of the right atrial myocardium. 


In a previous report! we described changes in the ultrastructure of the 
dilated right atrium of six patients with endocardial cushion defect; 
These patients had elevated right atrial mean pressure and increased 
right atrial blood flow. 'The ultrastructural changes consisted of cell 
hypertrophy in all patients and cell degeneration in two patients with 
markedly elevated right atrial mean pressure. The data suggested that 
the changes of cell hypertrophy might be secondary to increased blood 
flow or increased pressure, or both, whereas the degenerative changes 
appeared to be directly related to increased right atrial pressure. How- 
ever, we were unable to separate these two hemodynamic values in this 
group of patients and were thus unable to determine whether increased 
blood flow or elevated atrial pressure was related to the changes of cell 
hypertrophy seen in the dilated atrium of these patients with congenital 
heart disease. 

The purpose of this study was to determine whether increased right 
atrial blood flow in the absence of increased right atrial pressure resulted 
in hypertrophy of the right atrial myocardium. We studied the ultra- 
structure of right atrial tissue obtained from patients with atrial septal 
defect who had a well defined left to right shunt and no evidence of in- 
creased right atrial pressure. Although the atrium in these patients was 
dilated, there was no evidence of cell hypertrophy. Structurally, the 
atrium was identical to the right atrium of patients with ventricular 
septal defect! and was therefore presumably normal. In addition, por- 
tions of the right atrium from three patients with atrial septal defect and 
increased right atrial mean pressure and blood flow were also studied 
to determine if the structural changes were the same as those previous] y 
reported in patients with endocardial cushion defect.! In the patients 





with increased mean pressure and blood flow the right 
atrial myocardial cells were hypertrophied and there 
were focal degenerative changes. Our findings suggest 
that in congenital heart disease increased right atrial 
blood flow in the absence of increased right atrial mean 
pressure is not associated with structural changes of the 
right atrium, 


Methods 


Patients studied (Table D: Tissue was obtained from 15 
patients at the time of open heart surgery for closure of an 
atrial septal defect. Twelve patients (Group D had normal 
right atrial mean pressure (less than 5 mm Hg) and evidence 
ofa left to right shunt across the atrial septum. These patients 

-ranged in.age from 8 to 47 years, although 8 of the 12 patients 
were less than 10 years of age. The atrium was moderately 

‘dilated, although the pulmonary arterial pressure was normal 
(less than 20 mm Hg), and none of these 12 patients had atrial 
arrhythmias. Three patients (Group II) had elevated right 
atrial mean pressure (more than 5 mm Hg) as well as a left to 

right shunt across the atrial septum. These patients ranged 
in age from 7 to 58 years. The atrium was markedly dilated 
and the pulmonary arterial pressure was elevated (more than 
40 mm Hg) in all three patients; however, they had no atrial 
arrhythmias. 

Tissue preparation: The atrial biopsy specimen was ob- 
tained adjacent to the site of the atriotomy on the anterior wall 
of the right atrium. The tissue was f ixed in phosphate buffered 
(pH 7.3) 2.5 percent glutaraldehyde as previously described.! 
All tissue was fixed overnight in glutaraldehyde, and post- 
fixed for 1 hour in chilled 1 percent osmium tetroxide in 0.1 
molar phosphate buffer (pH 7.3). 'The tissue was rinsed in 
phosphate buffer, dehydrated in graded acetones and em- 
bedded in Swiss araldite. Flat silicone embedding molds were 
used to facilitate the orientation of muscle fibers to the en- 
docardium2 Thick sections (0.5 to 1 u) were cut from all tissue 
blocks in each patient and stained with 1 percent toluidine 


TABLE | 
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blue. Ultrathin sections (600 to 800 A) were cut with a Sorvall 
MT 2 ultramicrotome, stained with uranyl acetate and lead : 
citrate and examined with a Philips 300 electron microscope 
at 80 kv. 
The incidence of ultrastructural changes in atrial cells o£ 
all 15 patients was evaluated. Low power electron micrographs: 
(X3,000) were taken from each grid, and the cells in the thin 
section counted. At least eight grids and approximately 400 
cells were studied in each patient. The cells with ultrastrue- 
tural changes were counted, and an approximate incidence. 
rate of each ultrastructural change was calculated. The extent 
of the changes in each patient was then graded on a scale of —. 
1 to 4 (Table ID. zT 





Results 


Patients With Normal Right Atrial Mean Pressure 
(Group I, Table Il) E 
Cell size and interstitium: The atrial cells were regularly — 
arranged and relatively uniform in size in each patient. The 
cells ranged from 6 to 10 u in diameter at the nuclear level and 
averaged 8 u. In well defined pectinate muscles, the atrial celle 
were aligned parallel to the long axis of the muscle bundles. 
In the areas where the pectinate muscles merged, the atrial | 
cells were arranged in small bundles, often coursing at right 
angles to one another. The endocardium measured from 40 > 
to 200 x in thickness and consisted of collagen fibers, elastic 
fibers, fibroblasts and smooth muscle celis arranged ina well | 
defined layer beneath the covering endocardial cells. The 
atrial muscle bundles were surrounded by delicate connective - 
tissue. Scattered normal blood vessels and nerves were present. 
in the interstitium between muscle bundles. oe 
Sarcolemma and specialized junctions: The atrial cells : 
were invested by a basement lamina except at the intercalated 
discs. The basement lamina was 300 À thick and consisted of 
fine filamentous material. This lamina followed the contour: 








TABLE Il : 
Structural Changes in 15 Patients With Atrial Septal Detect- 









































] ! : : Case Average intercalated Degenerative. 
Clinical Data in 15 Patients With Atrial Septal Defect no. Cell Size (u) | Zbands* Discs! Changes! a 
Right Atrial Pressure Group ! 
Case Age (yr) {mm Hg} Qp/Qs Atrial 
no. &Sex  AWave VWave Mean Ratio Size* 1 6.3 0 + 0 
ds 2 8.0 0 0 0 
Group | (normal right atrial mean pressure) 3 5.5 + 0 0 
bcd 4 7.7 0 0 Q 
1 2F 5 4 3 2.9/1 3+ 5 7.5 + 0 0 
2 3F 3 2 2 2.2/1 3+ 6 7.8 + + 0 
3 3F 7 5 4 2.0/1 3+ 7 7.9 + + 0 
4 4F 6 5 4 1.9/1 3+ 8 8.0 ++ + 0 
5 5M 6 6 4 2.0/1 3+ 9 8.0 + 0 Q 
6 6F 6 4 3 1.9/1 3+ 10 7.5 0 0 0 
7 8M 4 3 2 2.8/1 3+ 11 7.5 * + 0 
8 8F 4 3 2 1.8/1 3+ 12 7.0 ++ + 0 
9 11F 6 5 4 1.7/1 3+ T7 MESES 
> 11M 6 5 3 1.9/1 34 Group il 
1 1T1F 3 3 2 3.0/1 4+ 7 I 
13 9.5 + +++ 0 
us E. ien ee xd Lc 4t 14 110 H 4 ++ 
Group Il (increased right atrial mean pressure) 15 16.0 TE eee + 
13 7F 8 7 7 3.9/1 4+ * Z band changes include both thickening of Z bands and abnormal 
14 24F 19 28 15 50/1 4+ accumulations of Z band-like material. : 
15 58M 10 9 7 5.0/1 4+ f intercalated disc changes include increased fibrillar material and 








* As assessed at the time of surgery: 1+ = near normal size; 2+ 
= mild dilatation; 3+ = moderate dilatation; 4+ = marked dilata- 
tion. 

; Qp/Qs ratio = ratio of pulmonary blood flow to systemic blood 
low. 


irregularity and widening of discs. 
t Degenerative changes include loss of myofilaments, aggregation 
of mitochondria and condensation of sarcoplasmic reticulum. : 
0 = not present; + = present in less than 1 percent of cells; ++ = 
present in 1 to 5 percent of cells; +++ = present in 5 to 10 percent 
of cells; ++++ = present in more than 10 percent of cells. 
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FIGURE 1. Case 10. Section of a normal atrial cell. The nucleus (N) is 
centrally located and has a regular contour. The myofibrils extend from 
one end of the cell to the other. The sarcomeres are regularly arranged 
with distinct A bands (A) and Z bands (Z). Mitochondria (M) are inter- 
spersed between myofibrils and are uniform in size. The Golgi apparatus 
(G) is present in the perinuclear region as are scattered atrial specific 
granules (arrow). The sarcolemma is intact, and T tubular invaginations 
of the sarcolemma are not seen. (X 10,800, reduced by 6 percent.) 


of the atrial cells but was separated from the sarcolemma by 
a space 200 to 300 À in width. The sarcolemma was intact and 
slightly indented at the level of the Z bands (Fig. 1), except at 
the intercalated discs. Clusters of pinocytic vesicles were often 
found beneath the sarcolemma. Deep invaginations of the 
sarcolemma to form T tubules were not seen in the atrial cells 
examined. On the interior aspect of the sarcolemma, there 
were scattered irregular deposits of Z band material (less than 
1 percent of cells examined). Occasionally these deposits were 
continuous with the Z bands of adjacent sarcomeres. The atrial 
cells were interconnected at their ends by well developed in- 
tercalated discs (Fig. 2). At side to side junctions, the inter- 
calated discs were often short and consisted of macula ad- 
herens, fascia adherens and unspecialized areas (Fig. 3). Oc- 
casionally, extensive side to side intercalated discs were 
complete with fascia adherens, macula adherens, macula oc- 
cludens and unspecialized areas. Less than 1 percent of the 
intercalated discs in 6 of the 12 patients were either irregular 
in appearance or had extensive accumulations of fibrillar 
material (Fig. 4). 

Contractile elements: The sarcomeres were regularly ar- 
ranged and extended uninterrupted across the cell. The sar- 
comeres were limited by Z bands and had distinct A bands, 
I bands and M lines. The thickening of the Z bands was found 
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x - = N x a: Fw 
FIGURE 2. Case 10. End to end intercalated disc (closed arrows) be- 
tween two normal atrial cells. The components of this junction are well 
defined and represent a typical end to end intercalated disc. Nexuses 
(thin arrow) as well as macular adherens, fascia adherens and undif- 
ferentiated portions are easily identified, and the disc has a step-like 
appearance. Segments of the sarcoplasmic reticulum are prominent 
(open arrows) and frequently associated with Z bar ds. (X 8,100, re- 
duced by 6 percent.) 





in all 8 of the 12 patients but was present in less than 1 percent 
of the cells examined in all but 2 patients. Occasionally single 
Z bands were thickened. More often, multiple Z bands (in 
consecutive sarcomeres) were thickened within a single cell 
(Fig. 5). These abnormal Z bands consisted of several irregular 
nodules that were either connected to one another by a normal 
segment of the Z band or completely separated from one an- 
other by glycogen particles. The involved sarcomeres were 
disorganized with focal loss of myofilaments, but A bands and 
M lines remained recognizable (Fig. 5). 

Cell organelles: The nucleus was central y placed and el- 
liptical. Only small invaginations of the nuclear membrane 
were noted (Fig. 1 and 3). Nucleoli were prominent and oc- 
casionally multiple. The mitochondria were abundant and 
most numerous in the perinuclear regions as well as between 
the myofibrils (Fig. 1 and 3). The mitochondria were round 
or ovoid, ranging from 0.1 to 0.8 u in diameter. The cristae 
were well defined, and the matrix was highly electron-opaque 
and often contained small dense bodies and glycogen particles. 
Glycogen was abundant and consisted primarily of beta par- 
ticles with a diameter of approximately 280 Å. Atrial-specific 
granules were numerous (Fig. 3). These granules were com- 
pletely enveloped by a membrane; they measured 0.1 to 0.4 
# in diameter and were most numerous in the perinuclear 
zones. Lysosomal granules were occasionally found in the 
perinuclear zones. The Golgi apparatus was well developed 


FIGURE 3. Case 10. Two adjacent normal 
atrial cells joined by a side to side inter- 
calated disc. The disc (closed arrows) is 
regularly arranged and consists of macular 
adherens, fascia adherens and undiffer- 
entiated portions. Macular occludens 
(nexuses) are present (open arrows). Thin 
arrows indicate atrial specific granules. M 
= mitochondria; N = nucleus. (X 14,200, 
reduced by 6 percent.) 


and consisted of stacks of cisternae 150 to 200 À apart and 
groups of microvesicles ranging from 400 to 800 À in diameter. 
The Golgi apparatus was invariably present in the perinuclear 
zone in apposition to the nucleus (Fig. 1). 

The sarcoplasmic reticulum was extensive and was most 
conspicuous at the periphery of the cell or in cytoplasmic areas 
devoid of myofilaments. It was usually seen in profile as ves- 


FIGURE 4. Case 8. An irregular, abnormal 
end to end intercalated disc (closed ar- 
rows) associated with extensive deposition 
of fibrillar material (F) between two other- 
wise normal atrial cells. This disc abnor- 
mality was more extensive in patients in 
Group Il. Note the disarray of sarcomeres 
bordering the fibrillar masses (open ar- 
rows). (X 10,500, reduced by 7 percent.) 
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icles with a diameter of 300 to 800 A; however, tubules of the 
sarcoplasmic reticulum were also seen overlying sarcomeres 
at the level of the Z band (Fig. 2). Tubules of rough sarco- 
plasmic reticulum were occasionally found near the nuclear 
membrane or at the periphery of the cell. Small lipid droplets 
were present adjacent to mitochondria, and lipochrome pig- 
ment was occasionally present in the perinuclear region. 
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agen Eck i bette: 
FIGURE 5. Case 8. A small portion of an atrial cell with multiple Z band 
thickenings (arrows). The thickenings are small and nodular and extend 
along the entire Z band in beaded fashion. The myofilaments in affected 
sarcomeres are slightly disarrayed, but there is no apparent loss of 
myofilaments. G = glycogen; M = mitochondira. (X8,100, reduced by 
8 percent.) 
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Patients With Increased Right Atrial Mean Pressure 
(Group II, Table II) 


There were extensive structural changes in the right atrium 
of these three patients. The cells were generally hypertro- 
phied, although there were focal degenerating cells in Patients 
14 and 15. The interstitial connective tissue was increased in 
amount, and the endocardium was thickened, me asuring 300 
to 500 u. Blood vessels and nerves were numerous and ap- 
peared normal. 


Cell size: The atrial cells varied in size, shape and ar- 
rangement. The diameter of the cells at the nuclear level 
ranged from 7 to 18 u. There were three distinct populations 
of myocardial cells: normal cells, hypertrophied nondegen- 
erated cells and degenerating cells. The ultrastructural criteria 
for hypertrophy and degeneration in human atrial myocar- 
dium have previously been published.! The normal cells 
measured 7 to 12 u in diameter. In Patients 13 and 14 ap- 
proximately 50 percent of the cells examined were greater than 
12 u in diameter. The most extensive cell hypertrophy was 
seen in Patient 15. The average cell diameter in this patient 
was 16 u, and more than 75 percent of cells examined were 
greater than 12 u. The hypertrophied cells bulged slightly at 
the nuclear level and tapered sharply at both ends. These cells 
were arranged in bundles of three to five cells, all aligned 
parallel to one another; however, the muscle bundles were 
separated from one another by abundart interstitial con- 
nective tissue. 

Less than 5 percent of the cells examined demonstrated 
degenerative changes. Cells with early degenerative changes 
(Fig. 6) were generally hypertrophied and measured 14 to 18 
u in diameter. Cells with severe degenerative changes (Fig. 7, 
left) were generally smaller and averaged 10 u in diameter. 
These cells were isolated from the surrounding atrial myo- 
cardium by abundant connective tissue. 


FIGURE 6. Case 15. A portion of an 
intercalated disc (closed arrows) 
between a hypertrophied cell (left) 
and a cell with early degenerative 
changes (right). The disc is irregu- 
lar, widened and associated with 
fibrillar material (F). In the degen- 
erating cell, profiles of sarcoplas- 
mic reticulum (SR) and clumps of 
mitochondria (M) are evident in 
areas devoid cf myofibrils. The re- 
maining sarcomeres (S) are intact 
but disarrayed. In the hypertrophied 
cell the nucleus (N) is markedly 
convoluted and there are focal 
thickened Z bands (Z) The sar- 
comeres (S) are intact and well or- 
dered. Atrial-specific granules 
(open arrows) are numerous. The 
sarcolemma and basement mem- 
brane of both cells are normal. 
(X8,100, reduced by 8 percent.) 





^ 





Sarcolemma and specialized junctions: 'The sarcolemma 
and basement membrane were normal in both hypertrophied 
and degenerative cells (Fig. 6 and 7, left). Many of the inter- 
calated discs in hypertrophied cells and cells with early de- 
generative changes were markedly irregular and had increased 
amounts of fibrillar material. These disc changes were iden- 
tical to those described in patients with normal right atrial 
mean pressure; however, they were present with increased 
frequency in patients with elevated pressure (10 percent or 
more of the cells examined). Intercalated discs were not found 
in severely degenerative cells (Fig. 7, left); however, less than 
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1 percent of cells examined demonstrated these severe de- 
generative changes. 

Contractile elements: The hypertrophied cells had in- 
creased numbers of well formed, well ordered myofilament 
bundles with distinct sarcomeres. As previously reported, loss 
of myofilaments was one hallmark of degenerating cells. In 
severely degenerating cells (Fig. 7, left) only remnants of 
myofibrils were present at the periphery of the cell. Z band 
changes similar to those described in patients in Group I were 
present in all three patients in Group II. Thickened Z bands 
and accumulations of abnormal Z band material were present 
in all cells with degenerative changes. In addition, accumu- 
lations of Z band material against the sarcolemma were 
prominent in degenerating cells. Z band changes were also 
present in hypertrophied cells but were found in less than 5 
percent of the cells examined. 

Cells organelles: The cell organelles appeared to be in- 
creased in number but were normal in hypertrophied cells. In 
degenerating cells there were aggregates of sarcoplasmic re- 
ticulum tubules, glycogen and mitochondria in areas of 
myofilament loss (Fig. 6 and 7). The mitochondria were small 
and irregular with dense mat*ixes and occasionally vacuolated. 
Atrial-specific granules were present in both hypertrophied 
and degenerating cells. 

Approximately 10 percent of the degenerating cells in Pa- 


FIGURE 7. Case 14. Left, severely degenerating cell 
isolated by abundant collagen (C) from the surrounding 
cells. The cytoplasm is devoid of myofilaments and filled 
with collapsed sarcoplasmic reticulum tubules, glycogen 
(G) and mitochondria (M). The mitochondria are aggre- 
gated at the periphery and elongated. The sarcolemma 
and basement membrane are normal. Against the sar- 
colemma are focal accumulations of abnormal Z band 
material (arrows) associated with disordered myofila- 
ments. No well formed sarcomeres are identified. Below, 
a small portion of a cell with “lysosomal degeneration." 
The central portion of the cell is filled with dense bodies 
that occasionally appear to be enclosed by membranes 
(arrows). The dense bodies are associated with irregular 
mitochondria and aggregates of glycogen. The remaining 
sarcomeres (S) are disarrayed with loss of thick filaments 
and thickened Z bands (Z). (X8, 100, reduced by 8 per- 
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tients 14 and 15 contained large numbers of myelin figures and 
dense bodies (Fig. 7, bottom). The dense bodies were variably 
sized masses of electron-dense material without distinct 
substructure. Clusters of this material were frequently en- 
closed by membranes. These clusters of presumably lysosomal 
- digested organelles were frequently located in the central area . 
of the cells and were bordered by normal myofibrils. Similar 
accumulations of myelin figures and dense bodies have been 
reported in the left atrium of patients with mitral valve dis- 
ease.’ 


Discussion 


Role of increased right atrial flow in presence of 
normal pressure: This study did not demonstrate any 
relation between increased right atrial blood flow and 
the development of structural changes in the right 
atrium. In the 12 patients with increased right atrial 


= + blood flow and normal mean pressure (Group I) there 


were no significant structural changes in the tissue 
available for study. Accumulations of abnormal Z band 
material were present, but in less than 5 percent of the 
cells examined, in 8 of these 12 patients. Z band changes 
have been reported in both diseased?“ and normal atrial 
cells.'? Although Z band changes are frequent in hy- 
pertrophied atrial cells,! they appear to be nonspecific 
changes and are apparently not indicative of either cell 
hypertrophy or degeneration. Irregular intercalated 
discs with increased amounts of associated fibrillar 
material were also found in 6 of these 12 patients but in 
less than 1 percent of the cells examined. Although we 
have previously interpreted this type of change as an 
indicator of cell hypertrophy,! there was no other 
structural evidence of cell hypertrophy! ? and cell size 
was within normal range in all six patients. These same 
disc changes were found with increased frequency in the 
hypertrophied cells of patients in Group II with elevated 
right atrial pressure (more than 20 percent of the cells 
examined). Such intercalated dise changes, although not 
specific for cell hypertrophy, are clearly more prominent 
in hypertrophied right atrial myocardial cells. 

We previously determined that the right atrium of 
patients with ventricular septal defect is structurally 
normal! Except for the rare intercalated disc and Z 
band changes. the right atrium in the 12 patients with 
normal right atrial mean pressure but increased blood 
flow was ultrastructuraliy identical to the atrium in 
patients with ventricular septal defect and, therefore, 
presumably normal. These findings are in contrast to 
the structural changes previously reported in the right 
atrium of patients with both increased right atrial blood 
flow and mean pressure, who had changes of both cell 
- hypertrophy and degeneration.! Similar structural 
- changes were found in the three patients in Group H 

with increased right atrial blood flow and mean pres- 
sure. The presence of an atrial septal defect, therefore, 
does not in some way prevent the development of 
structural changes in the right atrium. Rather, the de- 
velopment of structural changes appears to depend on 
whether or not right atrial pressure is increased. We 
were unable to determine if increased right atrial 
pressure alone is related to the development of struc- 
tural changes or whether these changes are related to 
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increased right atrial pressure in the presence of in- * 


creased right atrial blood flow. However, this study has 
shown that increased right atrial blood flow alone is not 
related to the development of structural changes in the 
right atria. 

Role of increased right atrial pressure with in- 
creased blood flow in hypertrophy and degenera- 
tion: Nine patients with increased right atrial mean 
pressure and blood flow (three patients in Group II of 
this study plus six patients with endocardial cushion 
defect!) constitute too small a sample to evaluate 
whether the magnitude of increased pressure in the 
right atrium is related to the development of structural 
changes. Although only four of these nine patients had 
degenerative changes, the marked degenerative changes 
were found in the patients with the hizhest right atrial 
mean pressure (Patients 14 and 15 of this study and the 
two patients with the most pronounced elevations of 
pressure in our previous study.!) The suggestion is that 
pressure elevation is directly related to the development 
of degenerative changes. In contrast, changes of hy- 
pertrophy were present in all three patients in Group 
H of this study, as well as in all six patients with endo- 
cardial cushion defect.! We have demonstrated that 
increased blood flow alone is not related to structural 
changes in the right atrium; therefore, hypertrophy of 
the right atrium may be secondary to slight increases 
in right atrial pressure or the result of slightly increased 
pressure in the presence of increased blood flow. 

Role of pulmonary hypertension: Seven of the 
patients in Group I and the three patients in Group H 
had a large atrial septal defect, as indicated by a pul- 
monary to systemic blood flow ratio of greater than 2.0.9 
In spite of the greatly increased atrial blood flow and 
large size of the atrial defect, the seven atria of the pa- 
tients in Group I were structurally normal, whereas 
there were structural changes in the atria of the three 
patients in Group IL Similarly, the duration of the in- 
creased blood flow did not correlate with the develop- 
ment of structural changes. Patient 12 was 47 years old 
and had a normal right atrium; Patient 13 had struc- 
tural changes at age 7 years. In both instances the 
presence of increased right atrial pressure determined 
whether structural changes were found in the right atrial 
myccardium. This increase in right atrial pressure was 
not directly related to either the magnitude of the shunt 
or the duration of the shunt; rather, increased atrial 
pressure appeared to be related to increases in pulmo- 
nary atrial pressure. The three patients with increased 
atrial pressure had elevated pulmonary arterial pres- 
sures, whereas the pulmonary arterial pressures in the 
12 patients in Group I were normal. The development 
of increased right atrial pressure in patients with an 
atrial septal defect is probably secondary to changes in 
the pulmonary circulation. The increased pulmonary 
pressure causes an increase in right ventricular pressure 
with a corresponding decrease in right ventricular 
compliance. The decreased right ventricular compliance 
leads to elevation of right atrial pressure. 

Atrial arrhythmias: The right atrium was moder- 
ately to markedly dilated in all 15 patients in this study, 
yet none of the patients had atrial arrhythmias. Previ- 








* ous studies!® 11 have suggested that left atrial dilatation 


is directly related to the occurrence of atrial arrhyth- 
mias. Our results suggest that right atrial dilatation even 
-of marked degree need not be associated with atrial 


- arrhythmias. 


- Implications: These studies indicate that volume 
overload of the right atrium in the absence of changes 


ULTRASTRUCTURE IN CONGENITAL HEART DISEASE-—FENOGLIO ET A 


in other hemodynamic factors, such as pressure, does 
not result in cell hypertrophy or degeneration. Further 
studies are needed to determine whether the structural 
changes in the right atrium of patients with congenital 
heart disease are the result of the increased right atrial 
pressure or of the combination of increased pressure and 
volume overload. 
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To investigate the role of the renin-angiotensin-aldosterone system as a 
cause of hypertension, 20 hypertensive patients with coarctation of the 
aorta were studied during normal and low sodium intake and after diuresis 
with furosemide. Eight patients with essential hypertension and 13 control 
subjects were similarly studied. Plasma renin activity values in patients 
with coarctation were similar to those in patients with essential hyper- 
tension and in control patients during normal and low sodium diets. 
However, after the administration of furosemide, plasma renin activity 
values were significantly higher in the patients with coarctation than in 
the other two groups (P «0.005 and «0.01, respectively). The values for 
urinary aldosterone, plasma volume and extracell fluid volume (bromide 
space) were increased in patients with coarctation during both normal 
and low sodium intake. These renin and aldosterone responses and body 
fluid spaces in patients with coarctation suggest that their hypertension 
resembles a one-kidney Goldblatt model. The data heip to better define 
the role of the renin-angiotensin-aldosterone system in the hypertension 
of coarctation and thus may help guide the clinician in therapeutic inter- 
ventions. 


Systemic hypertension is common in coarctation of the aorta. The cause 
is not known. Previous studies!-* attempted to define whether an ab- 
normality of the renin-angiotensin-aldosterone system is the cause of 
such hypertension. Our hypothesis is that initially the coarctation de- 
creases renal blood flow; this hypoperfusion stimulates the juxtaglo- 
merular apparatus to secrete renin? and thereby increases the production 
of angiotensin and aldosterone, hormones that stimulate renal retention 
of sodium and water. The resulting expansion of blood volume and 
extracell fluid volume increases blood pressure, which tends to correct 
the decreased renal perfusion. Simultaneously, feedback inhibition of 
the excessive renin secretion occurs. We believe that coarctation is 
analogous to the one-kidney Goldblatt model of hypertension?: once 
renal perfusion is restored to normal, plasma renin activity returns to 
normal? In previous studies? when patients with coarctation were 
maintained on a low sodium diet and given diuretic therapy, plasma 
renin increased. 

In an attempt to prove our hypothesis, we studied hypertensive pa- 
tients, with either coarctation or essential hypertension, and control 
subjects during normal and reduced sodium intake and after further 
acute sodium depletion with furosemide. 


Methods 


Patients: The patients studied were older than 3 years of age and attended 
the Cardiology or Nephrology Clinic at the Hospital for Sick Children at some 
time from January 1976 through September 1977 because of coarctation with 
hypertension or essential hypertension. Informed consent was obtained from 
all patients or their parents. As in our previous study,!® hypertension was defined 





* as blood pressure greater than two standard deviations above 
the mean value from the data of Londe!! or The Society of 
Actuaries.!2 Essential hypertension was defined as an increase 
in blood pressure in the same range for which no cause could 
be found after the patients had had a complete cardiac, renal 
and endocrine evaluation, including renal arteriography. 

"Twenty patients with coarctation, 8 patients with essential 
hypertension and 13 control subjects were studied. The hy- 
pertensive patients were classified into four groups according 
to diagnosis, and the control subjects were classified according 
to age (Table D. Before the start of the study, a dietitian and 
a metabolic nurse visited each. patient's home to assess 
whether a low sodium diet would be feasible as an outpatient 
procedure. Parents and patients were instructed how to keep 
dietary records and collect 24 hour urine samples. 

Study protocol (Table TI): Urinary and plasma sodium 
and potassium levels were determined with standard flame 
photometry (model 143, Instrumentation Laboratory, Lex- 
ington, Massachusetts), and urinary and plasma creatinine 
levels were determined with an Auto Analyzer (Technicon, 
New York, New York). Urinary aldosterone was measured 
with the double isotope dilution derivation technique," and 
values were plotted in relation to urinary sodium excretion, 
using the nomogram devised by New et al.!? Blood was drawn 
for plasma renin activity with the patient in the sitting posi- 
tion after 3 hours of ambulation. Plasma renin activity!9.7 and 
plasma aldosterone!? were measured with the radioimmu- 

“noassay technique. Radionuclide plasma volume was deter- 
mined with !3*iodine-labeled serum albumin.!? Extracell fluid 
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TABLE | 
Study Groups 
+ —À : 
Sex Ratio 
Group no. of Age imale£ - 
no. Cases Definition (yr) female) - 
I 12 Untreated COA + upper limb : 
hypertension S 
ii 6  Recoarctation 2:1 yr after : ; 
resection 3.5-20 17/3 
Hi 2  Persistently elevated BP; no 
recoarctation = 1 yr after. 
resection : 
iV 8 Essential hypertension” 7-19 -—— 
Va 6 Control subjects (children)" 5-15 1/5 
Vb 7 Control subjects (adults)* 22-40 


08/4. 





* Underwent limited protocol: see Table il. 
BP = blood pressure; COA = coarctation of the aorta. 


volume was estimated by measuring the plasma bromide in. 
duplicate samples, with neutron-activation analysis on the 
SLOWPOKE reactor at the University of Toronto; the erro: 
in determination is less than 2 percent.?? Results were nor 
malized by conversion to percent of predicted value from the 
microdiffusion technique of Cheek.?!-4 = 

Salt restriction to 10 mEq/day of sodium required major- 
dietary constraints: for example, the diet did not permit-milk 
and required the inclusion of salt-free bread and margarine 
Therefore, much of the necessary food was provided by t 


























TABLE Ii 
Study Protocol 
Patient 
Time Groups Investigations indexes 
Days 0-3 Ali Three 24 hr urine collections, Na, K, Cl, creatinine, 
starting at noon aldosterone 
I-IV Record diet Na intake 
Day 3 All 9 AM.: CIU Physical examination, including height and 
weight {for surface area calculation) 
iiH 10 A.M.: radionuclide study Plasma volume 
All Noon (end of urine collection): 
Alt a. Blood drawn Serum Na, Ci, creatinine: PRA 
fH, V Plasma aldosterone 
t-il Plasma bromide (blank) 
t-il b. BP recorded with Doppler BP in arm and leg, standing and supine 
flowmeter 
i-i c. Infusion of NaBr, iv, for 
3 min (NaBr 396, 1 ml/kg; 
. maximum, 40 ml) 
-i 3 P.M.: blood drawn Plasma bromide 
Days 4-13 All Days 4-10, at home; day 10 Low Na diet (0.3 mEq/kg: 
to end of protocol, in ClU maximum, 10 mEq) 
Days 8-10* All Protocol as for days 1-3 
Day 11 Lu Cardiac catheterization; a. Routine hemodynamic indexes 
premedication with meperidine, b. Fick and dye determinations of 
chloropromazine and promethazine '? CI with O; consumption 
c. Angiographic determination of 
ejection fraction 
Day 12t All 6 P.M., midnight! furosemide po, 
Day 13! All 8 A.M. 1 ml/kg (maximum 40 mg/dose) PRA and plasma aldosterone 


9 a.m.: weight and BP (supine) 
recorded. Then blood drawn. 
.. Patient returned home 








* Groups Il, IV and V then proceeded to the day 12 protocol. 
* Days 10 and 11 for groups IV and V. 


t Group V (control patients) took these doses at home; they remained ambulant after the 6 A.M. dose and returned to the clinical investigation. : 


unit by 8:30 A.M. 


BP = blood pressure; Cl = cardiac index; CIU = clinical investigation unit; Cl = chloride; iv = intravenously; K = potassium; Na = sodium: ; 


NaBr = sodium bromide; po = orally; PRA = plasma renin activity. 
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TABLE lii 
Plasma Renin Activity (ng angiotensin l/ml per hour)* 
Normal Diet Toa Low Sodium Diet After Furosemide 

Group no Mean + SD Range Mean + SD Range Mean + SD Range 
t 2.61 + 2.84 0.80 — 11.19 2.68 + 1.47 091— 5.24 26.24 + 18.83 6.44 — 54.48 
il 2.00 + 6.95 0.86 — 3.22 6.07 + 2.99 1.36 — 8.85 21.51 + 10.25 5.19 — 31.30 
1 & li md wii -— : 24.60 + 16.22 e: 
üt 2.49 + 0.55 2.10 — 2.88 5.34 + 1.14 4.58 — 6.14 9.40: 1.84 8.10 — 10.70 
iv 2.02 + 2.45 0.63 — 7.77 3.54 + 3.44 0.55 — 11.46 8.714 5.12 5.67 — 20.64 
vi 1.30 + 0.78 0.37 — 2.96 4.83 + 2.73 0.80 — 10.88 10.61 € 5.11 3.06 — 19.74 





* Data on the individual patients are available from the authors on request. 
* Mean values, standard deviations and ranges did not differ significantly in subgroups Va and Vb. 


SD = standard deviation. 


dietitian on day 3. Compliance with the diet and the adequacy 
and accuracy of urine collections at home were assessed by 
reviewing the dietary records, the urinary sodium excretion 


5s values and the urinary creatinine values (the average for the 


three collections was compared with the predicted value for 
body weight; the minimal normal value was 15 mg/kg per 
day??). The glomerular filtration rate was estimated from the 
clearance of endogenous creatinine. 

At cardtac catheterization, dye-dilution curves were de- 


. termined after the injection of indocyanine green into the 


- main pulmonary artery; blood was withdrawn from the left 


ventricle and passed through a Waters cuvette (model DCU 
803, Waters Instruments, Rochester, Minnesota), and the area 
= under the disappearance curve was calculated.“4 
We analyzed the results by calculating the mean and one 
+ standard deviation. The P values were calculated according 
~: to Cochran's modification of the t test if variances were un- 
;equal.?? A P value greater than 0.05 was not significant. 


Results 


Compliance with low sodium diet: Twelve of the 
18 patients in groups I and II and all 10 patients in 
groups III and V complied with sodium restriction, as 
<- reflected by the urinary sodium values. In the other six 

<. patients urinary sodium decreased greatly, and the body 
fluid spaces of these patients (see below) did not differ 
from those of the other patients in their groups; there- 
fore all data were analyzed together. The inspection of 


^. urinary creatinine values to determine completeness of 


. urine collections revealed only one instance of an 
. unexpectedly low value (Patient 3, 94 percent of the 
predicted value). Because this patient's urinary sodium 
was quite low, we believed that his compliance with the 
diet was good and included his data in the analysis. 


TABLE IV 


‘Matrix of Intergroup Differences (P Value by t Test)* in 
. Plasma Renin Activity After Administration of Furosemide 











Group 

no. H H iv V 
i NS 0.025 0.05 0.025 
ii E NS 0.13 0.05 
L&H as NS 0.005 0.01 
i wk hun NS NS 
Iv oe NS 





* Adjusted by Cochran's test?? because of unequal population 
variances. 
NS = not significant. 
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Renin values (Table IIT): On normal and sodium 
restricted diets and after the administration of furo- 
semide, the mean renin values for normal pediatric 
subjects did not differ significantly from those for 
normal adult subjects. These values were therefore 
combined for further analyses. 

There was no statistically significant intergroup 
difference in renin values during normal diet; however, 
during sodium restriction the mean renin value for 
group I patients differed significantly (P <0.05) from 
the mean values for groups I] and V. After the admin- 
istration of furosemide, the renin values in patients with 
coarctation differed significantly from the values in 
patients with essential hypertension (P <0.005) and in 
control subjects (P <0.01) (Table IV). 

Creatinine values: The creatinine clearance values 
for patients in groups I, H and HI were 94 + 32, 106 + 
38, and 110 + 40 ml/min per 1.73 m2, respectively. In 
four patients, three in group I and one in group II, the 
value for creatinine clearance was two standard devia- 
tions below the mean value for normal children”; their 
plasma creatinine values were 0.8, 0.8, 0.6 and 0.6 mg/dl, 
respectively. No patient had a plasma creatinine value 
greater than the normal value. 

Aldosterone values: The values for groups I, II, [I 
and V were similar during the ingestion of normal and 
low sodium diets and after the administration of furo- 
semide (Table V), but within each group the values in- 
creased with increasing sodium depletion. However, 
during a normal diet in ali but one patient with coarc- 
tation, the urinary aldosterone values (Table VI) were 
higher than would be predicted from urinary sodium 
excretion!? (Fig. 1). 

Body fluid spaces: Radionuclide plasma volume 
(normal 43 + 5 ml/kg) was increased in 9 of 11 patients 
in group I, in 2 of 6 patients in group H and in 1 patient 
in group HI during a normal sodium diet (Table VID. 
After dietary sodium restriction plasma volume was still 
increased in all 11 patients in group I and in the same 
patients in groups H and IHI. There was no significant 
intragroup change in plasma volume with a low sodium 
diet. Groups I and H differed significantly (P <0.02) on 
day 10. 

The extracell fluid voiume (bromide space) was 
greater than that predicted from the data of Cheek?? in 
11 of 12 patients in group I, in 3 of 6 patients in group 
H and in 1 patient in group III during a normal sodium 











. diet. After dietary sodium restriction, bromide space 
remained increased in 8 of 11 patients in group I, in 3 of 
6 patients in group I and in the same patient in group 
H; 

:Five patients (Cases 6 to 9 and 16) had high values 

- (greater than 21 mEq/day of sodium) for urinary sodium 
excretion during the sodium-restricted diet; the values 
->for bromide space and plasma volume in these patients 
- did not differ significantly from values in the other 
patients within their respective groups. The values for 
these patients were included in all calculations. 

Resting and catheterization hemodynamics: The 
mean systolic leg blood pressure in the supine position 
for group I (unoperated coarctation) patients was 92 + 
16mm Hg. This value did not differ significantly from 
that in group II (recoarctation) patients (112 + 28 mm 
Hg). There was no correlation between the resting upper 
limb systolic pressure and either cardiac index at 
catheterization or plasma renin activity after the ad- 
ministration of furosemide. 

At cardiac catheterization, no patient had left heart 
failure. The indocyanine green dye-derived cardiac 
index (normal, 2.8 to 3.6) was 4.7 + 1.0 liters/min per m? 
in group I and 3.6 + 0.6 in group II. The mean gradient 
across the coarctation in group I (42 + 12 mm Hg) did 
not differ significantly from that in group II (31 + 19 
mm Hg). In addition, the left ventricular ejection frac- 
tion did not differ significantly between groups I and 
TI (0.74 + 0.09 versus 0.81 + 0.06, respectively). 


Discussion 
Renin Values 


Several investigators have reported plasma renim 
values for healthy children on unrestricted diets: for 
example, 2.37 + 0.57 ng/ml per hour (mean + standard 
deviation) in children aged 2 to 4 years, and 1.48 + 0.17 
in those aged 5 to 6 years,”’ and 2.5 + 0.5 for 3 to 6 year 
olds.?? In one of the few published studies of renin levels 
in healthy children on low sodium diets, Potter et al.?9 
found levels of 4.3 to 15.7 ng/ml per hour during inges- 
tion of a diet containing 20 mEq/day of sodium. Because 
renin values in adults are similar to those in children 
over age 6 years?? we were able to include adults in our 
control group. In our study, 35 of the 41 subjects were 
older than age 6 years. With the assay method we used, 
renin values for healthy adults on normal and low so- 
dium diets are 2.75 + 2.07 and 6.03 + 2.07 ng/ml per 
hour, respectively. 


TABLE VI 


Urinary Aldosterone and Radionuclide Plasma Volume Values* 
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TABLE V 
Plasma Aldosterone Vaiues 





è Plasma Aldosterone 











g (ng/di) 
Case Normal Sodium After 
Group no. Diet Restriction Furosemide 
l 1 47.4 83.4 97.2 
2 15.6 16.8 29.4 
3 19.0 18.3 42.8 
4 12.6 Ls vis 
5 19.1 20.8 33.7 
6 15.3 90.6 127.8 
7 15.0 13.8 
8 16.2 25.6 
9 15.0 18.9 
10 19.8 31.8 
11 28.8 48.6 
12 55.5 32.0 
Mean + 23.3 + 36.4 X 
SD 13.9 26.9 
i 13 17.6 61.8 
14 22.8 33.0 
15 19.6 48.4 
16 21.6 19.8 
17 25.5 52.8 
18 16.8 34.2 
Mean + 20.7 + 41.7 k 
SD 3.3 15.4 
Hi 19 15.6 39.6 
20 11.8 49.3 
Mean + 20.7 + 41.7 + 
SD 3.3 15.4 
Mean t 13.7 i 44.5 t 
SD 2.7 6.7 
iV 21-28 — LEX 
Va 29 12.0 52.2 
30 13.2 93.0 
31 15.6 Jax 
32 14.4 49.8 
33 16.6 58.2 
34 9.6 27.0 
Vb 35 31.2 77.4 
36 15.6 109.2 
37 18.3 71.5 
38 15.6 30.0 
39 9.9 77.1 
40 15.6 38.7 
41 16.2 33.3 
Mean + 15.7 £ 57.5 + 
SD 5.3 29.9 





SD = standard deviation. 


Markiewicz et al?! recorded renin values in 10 
healthy children after 1 day of sodium restriction fol- 
lowed by the administration of furosemide (40 to 80 mg 
orally, in two divided doses). However, their use of a 3 
hour incubation period in the angiotensin I assay pre- 
cluded comparison with our study. A comparison of | 








d .. Utinary Aldosterone (ug/m? per day) 








Group Sodium Sodium 
no.! Normal Diet Restriction Normal Diet Restriction 
i 27.8 t 15.7 96.2 + 77.5 52.3 + 3.4 §3.0 + 4.8 
i 20.2 + 17.2 107.2 + 3.84 479+ 8.0 46.0 46.0 

" 56.1 19.1 121.8 + 100.8 45.7 + 16.6 382 t 177 





* Data on the individual patients are available from the authors on request. 
* Measurements were not performed in patients h- groups IV and V. 


Data are expressed as mean values + standard deviations. 
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- FIGURE 1. Urinary aldosterone in relation to urinary sodium in patients 
: With coarctation, plotted according to the nomogram devised by New 
et al. 5 The broken lines represent the 5th and 95th percentiles. The 


|. open symbols represent a normal diet and the closed symbols a iow 


Sodium diet. See Table | for an explanation of groups |, Ii and iil. 


» renin values after the administration of furosemide in 
|. hypertensive children with coarctation with the values 


.. in our control subjects dislosed that abnormal hy- 
 - persecretion of renin occurred in the hypertensive 
children in response to furosemide administered after 
. a period of sodium restriction. Furthermore, the renin 
- response in the hypertensive children with coarctation 
= differed from that in our age-matched group of patients 
_ with essential hypertension. The increase in plasma 
- renin produced by sodium restriction was not as marked 
_as the increase produced by diuresis with furosemide. 

. Previous work?? described a nonsodium-related 
A mechanism of renin release after the administration of 


_- furosemide. 


Aldosterone Values 


<=: The plasma aldosterone values are difficult to in- 
__ terpret. There is one report?? on plasma aldosterone in 
. children during an unrestricted diet, but there are no 

.. data on children during a low sodium diet.?4 Mean 
_ plasma aldosterone concentration (24.9 ng/dl) does not 
< change appreciably between ages 1 and 15 years. No 
standard deviations were provided by Kowarski et a1.33 
for this wide age range, but inspection of their data re- 
veals that a level greater than 60 ng/dl was unusual. In 
17 of the 28 subjects (61 percent) in our series in whom 
plasma aldosterone was measured after the adminis- 
tration of furosemide, plasma aldosterone values were 
greater than 60 ng/dl. 


The data in our groups I, II, III (coarctation) and V 
(controls) suggest that the low sodium diet and furo- 
semide were both potent stimuli for aldosterone secre- 
tion. Within each group the plasma concentration in- 
creased with each degree of sodium depletion. However, 
there was wide scatter within each group and even in the 
same patient, a phenomenon observed by Kowarski et 
al 23 

The values for urinary aldosterone excretion plotted 
against the values for urinary sodium excretion (Fig. 1) 
shows several interesting features. On a normal sodium 
diet the values for urinary aldosterone in groups I, II and 
HI are greater than the values reported in normal chil- 
dren.? However with sodium restriction urinary aldo- 
sterone secretion increased further in all patients except 
one. This increase in aldosterone secretion occurred 
consistently and may be important in the pathophysi- 
ology of hypertension in these patients. The increased 
aldosterone secretion occurred when the plasma renin 
level was normal and thus was apparently caused bya 
stimulus other than renin seeretion. 

Other known causes for hyperaldosteronism include 
hyperkalemia, hyponatremia and increased secretion 
of adrenocorticotropin (ACTH) or angiotensin.?? None 
of our patients had an abnormal value for plasma so- 
dium or potassium or metabolic alkalosis. We did not 
measure ACTH, but we had no reason to expect it to be 
increased. 


Body Fluid Spaces 

Our finding of expanded extracell fluid volume with 
normal sodium intake in patients with coarctation 
supports our hypothesis that coarctation may resemble 
the one-kidney Goldblatt model for hypertension. Mean 
extracell fluid volume was 120 percent of the value 
predicted by Cheek's nomogram?? in group I ( unoper- 
ated), 111 percent in group II (recoarctation) and 109 
percent in group III (persistent hypertension without 
recoarctation). 

The bromide assay developed recently at this center 
has excellent validity compared with standard as- 
says.?'?? The value for the bromide space on day 10 did 
not always decrease from the day 3 value. The retention 
of bromide, causing high *blank" values in the second 
week's determination, may have impaired the accuracy 
of the second measurement. 

Plasma volumes measured with the radionuclide 
technique were increased significantly during a normal 
diet in group I patients, increased mildly in group II 
patients and were normal in group III patients. The 
plasma volume did not change significantly from the 
first to second determinations, possibly suggesting again 
that 1 week of dietary sodium restriction caused insuf- 
ficient sodium depletion to produce plasma volume 
contraction. We did not repeat the determinations of 
extracell fluid and plasma volumes after the adminis- 
tration of furosemide, but we observed a mean weight 
reduction of 1.07 kg in the patients in groups I to HI, 
refleeting volume contraction. 

For many reasons the accurate measurement of body 
fluid compartments is difficult. However, in our un- 
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~ treated patients with coarctation (group I), extracell 
fluid volume, plasma volume and post-furosemide 
plasma renin activity consistently were increased. These 
measurements were less consistent in group II patients 
(recoarctation). The reason for this difference in the two 
groups of patients is not known but might be related to 
age, to the duration and severity of renal hypoperfusion 
or to a renal insult at the time of cardiac surgery in the 
group II patients. 


Clinical Implications 


Similarity to one-kidney Goldblatt model of hy- 
pertension: We demonstrated that in patients with 
coarctation and hypertension the cardiac index was 
increased and the renin response to severe sodium de- 
pletion differed from that in control subjects or patients 
. With essential hypertension. Also in our patients with 
. coarctation, urinary aldosterone excretion was inap- 
—propriately high for sodium intake, and plasma aldo- 
sterone increased above normal with sodium restriction. 

-These observations support our view that coarctation 

resembles the early phase of a one-kidney Goldblatt 
model of hypertension, in which reduced renal perfusion 
causes an initial increase in plasma renin. The ensuing 
fluid-volume expansion and increased cardiac index 
replace increased renin secretion as the cause of the 
increased arterial pressure. However, in Goldblatt's 
chronic one-kidney model, cardiac index and body fluid 
space measurements decrease toward normal values and 
increased systemic vascular resistance becomes the 
major cause of hypertension." 

However, all of these features were not present in our 
hypertensive patients with coarctation. Although the 
arterial pressure distal to the coarctation returned to 
normal, our patients did not achieve the chronic steady 
state of normal plasma renin secretion, normal cardiac 
index, normal body fluid spaces and increased systemic 
vascular resistance. This may be related to the differ- 
ences in the development of systemic collateral circu- 
lation in patients with coarctation and those with renal 
arterial stenosis. 

Therapeutic implications: An angiotensin II 
blocking agent®* was demonstrated to decrease blood 
pressure in patients with coarctation. We predict that 
an angiotensin converting enzyme inhibitor?? would do 
the same. This decrease in systemic blood pressure 
would be useful for diagnosis but would probably not 
be useful for the long-term management of these pa- 
tients. 


MECHANISM FOR HYPERTENSION IN COARCTATION—ALPERT ET AL. 


TABLE Vil 


Percent of Predicted Extracell Fluid Volume (Bromide 
Space)* 














Normal Diet Sodium Restriction 
Percent of Percent of 
Predicted Predicted 
Group! Bromide Space Bromide Space 
t 120 + 17 117 + 24 
H 111 30 96+ 21 
ii 109 + 13 118 + 35 





* Data on the individual patients are available from theauthorsoh — 
request. Sue 
N Measurements were not performed in patients in groups IV and 


Values are expressed as mean values + standard deviations. 


Although corrective surgery remains the therapy of _ - 
choice, the high recurrence rate of coarctation after 


surgery in infancy and early childhood!939-4! make po 


medical management desirable until the patient is old. 


enough for operative repair. Hypertension above the: «X 


coarctation maintains adequate renal perfusion, and the ^ . 
correction of this hypertension may not be clinically ` 
desirable. If therapy of the hypertension is necessary, 
a beta adrenergic blocking drug with.or without a di- 
uretic agent may be useful for decreasing the cardiac 
index, blocking renin secretion and decreasing extracell 
fluid and plasma volumes. 

Mechanism of persistent hypertension without 
recoarctation: The patients in group HI are important 
in the study of hypertension in children with coarctation 
because they represent patients with corrected coarc- 
tation and persistent hypertension. We were able to 
study only two patients in this group. We do not know 
whether hypertension in such patients is related to an 
altered renin-angiotensin-aldosterone system, increased 
sympathetic activity,1?-4* intrarenal or systemic vas- 
cular changes,*5 disturbance in “total body autoregu- 
lation" of blood flow*® or an unknown mechanism. 


Acknowledgments 


We express our gratitude to Eleanor Pask, MScN, for help 
in patient education and care; Louise Bell, MSc, RPDt, for 
organization and implementation of the diets; Dr. Paul Keane, 
McMaster University, Hamilton, Ontario, for the plasma al- 
dosterone assay results; Ursala Matthews for editorial assis- 
tance; Lydia Luna, BSc, for the renin measurements; and 
Diane Misiorowski for secretarial assistance in the preparation 
of the manuscript. 


References 


1. Sancho J, Re R, Burton J, Barger AC, Haber E: The role of the 
renin-angiotensin-aldosterone system in cardiovascular homeo- 
stasis in normal human subjects. Circulation 53:400—405, 1976 

2. Werning C, Schönbeck M, Weidmann P, Baumann K, Gysling E, 
Wirz P, Siegenthaler W: Plasma renin activity in patients with 
coarctation of the aorta. A comment on the pathogenesis of 
prestenotic hypertension. Circulation 40:731-737, 1969 

3. Sealy WC, Panijayanaw P, Alexander J, Seaber AV: Activity of 
plasma angiotensin fl in experimental coarctation of the aorta. J 
Thorac Cardiovasc Surg 65:283-291, 1973 


4. Amsterdam EA, Albers WH, Christlieb AR, Morgan CL, Nadas 
AS, Hickler RB: Plasma renin activity in children with coarctation 
of the aorta. Am J Cardiol 23:396-399, 1969 

5. Laragh JH, Sealey JE, Bühler FR, Vaughan ED, Brunner HR, 
Gavras H, Baer L: The renin axis and vasoconstriction volume 
analysis for understanding and treating renovascular and renal 
hypertension. Am J Med 58:4-13, 1975 E 

6. Bianchi G, Tenconi LT, Lucca R: Effect in the conscious dog of 
constriction of the renal artery to a sole remaining kidney on 
haemodynamics, sodium balance, body-fluid volumes, plasma renin 


April 1979 The American Journal of CARDIOLOGY Volume 43 833 











MECHANISM FOR HYPERTENSION IN COARCTATION—ALPERT ET AL. 


15. 
16. 


17. 
| 48. 
19. 
20. 


21. 
22. 


98. 


24. 


c 95. 
26. 


834 


concentration and pressor responsiveness to angiotensin. Clin Sci 
38:741-766, 1970 


. Coleman TG, Cowley AW, Jr, Guyton AC: Experimental hyper- 


tension and the long-term control of arterial pressure. int Rev 
Physiol 1:259-297, 1974 


. Strong WB, Botti RE, Silbert DR, Liebman J: Peripheral and renal 


vein plasma renin activity in coarctation of the aorta. Pediatrics 
45:254—259, 1970 


. Guntheroth WG: Plasma renin activity coarctation of the aorta. 


Pediatrics 46:316-317, 1970 


. Nanton MA, Olley PM: Residual hypertension after coarctectomy 


in children. Am J Cardiol 37:769—772, 1976 


. Londe S: Blood pressure in children as determined under office 


conditions. Clin Pediatr (Phila) 5:71-78, 1966 


. The Society of Actuaries, Build and Blood Pressure Study, Vol 1, 


Chicago, 1959 


. Smith C, Rowe RD, Viad P: Sedation of children for cardiac 


catheterization with an ataractic mixture. Can Anesth Soc J 5: 
35-40, 1958 


. Kliman B, Peterson RE: Doubie isotope derivative assay of aldo- 


sterone in biological extracts. J Biol Chem 235:1639- 1648, 
1960 

New MI, Baum CJ, Levine LS: Nomograms relating aldosterone 
excretion to urinary sodium and potassium in the pediatric popu- 
lation: their application to the study of childhood hypertension. Am 
J Cardiol 37:658-666, 1976 

Haber E, Koerner T, Page LB, Kliman B, Purnode A: Application 
of a radioimmunoassay for angiotensin | to the physiologic mea- 
surements of plasma renin activity in normal human subjects. J 
Clin Endocrinol Metab 29:1349-1355, 1969 

Osmond DH, McFadzean PA, Scaiff KD: Renin activity by radio- 
immunoassay: the plasma incubation step. Clin Biochem 7:52-63, 
1974 

McKenzie JK, Clements JA: Simplified radioimmunoassay for 
serum aldosterone utilizing increased antibody specificity. J Clin 
Endocrinol Metab 38:622-627, 1974 

Crispell KR, Porter B, Nieset RT: Studies of Plasma volume using 
human serum albumin tagged with radioactive iodine 131. J Clin 
Invest 29:513-516, 1950 

Hill DE, Mayes SD, Hancock RGV: The measurement of extra- 
cellular fluid volume in infants and children by neutron activation 
analysis of bromide. Pediatr Res, in press 

Cheek DB: Human Growth: Body Composition, Cell Growth, Energy 
and intelligence. Philadelphia, Lea & Febiger, 1968, p 152 
Cheek DB: Extracellular volume: its structure and measurement 
and the influence of age and disease. J Pediatr 58:103-125, 
1961 

Barrett E, Addis T: The serum creatinine concentration of normal 
individuals. J Clin Invest 26:875-878, 1947 

William JCP, O'Donovan TPB, Wood EH: A method for the cal- 
culation of areas under indicator-dilution curves. J App! Physiol 
21:695-699, 1966 

Snedecor GW, Cochran WG: Statistical Methods. Ames, lowa, 
lowa State University Press, 1967, p 114-116 

Winberg J: The 24-hour true endogenous creatinine clearance in 
infants and children without renal disease. Acta Paediatr Scand 
48:443-452, 1959 


30. 


37. 


32. 


38. 
37. 


39. 


43. 


44. 


46. 


April 1979 The American Journal of CARDIOLOGY Volume 43 


. Hiner LB, Gruskin AB, Baluarte HJ, Cote ML: Plasma renin activity 


in normal children. J Pediatr 89:258—261, 1976 


. Stalker HP, Holland NH, Kitchen JM, Kotchen TA: Plasma renin 


activity in healthy children. J Pediatr 89:256-257, 1976 


. Potter DE, Schambelan M, Salvatierra O Jr, Orloff S, Holliday MA: 


Treatment of high-renin hypertension with propranol in children 
after renal transplantation. J Pediatr 90:307-311, 1977 

Sassard J, Sann L, Vincent M, Francois R, Cier JF: Plasma renin 
activity in normal subjects from infancy to puberty. J Clin Endocrinol 
Metab 40:524—525, 1975 

Markiewicz A, Wojczuk D, Kokot F, Cicha A: Plasma renin activity 
in coarctation. of aorta before and after surgery. Br Heart J 37: 
721-725, 1975 

Naughton RJ, Bertoncello I, Skinner SL: Abolition of the renin- 
releasing action of furosemide by acute renal denervation in dogs. 
Clin Exp Pharmacol Physiol 2:213-227, 1975 


. Kowarski A, Katz H, Migeon CJ: Plasma aldosterone concentration 


in normal subjects fróm infancy to adulthood. J Clin Endocrinol 
Metab 38:389-491, 1974 


. Kowarskl A, personal communication, August 1978 
. McCaa CS, McCaa RE: Role of aldosterone in fluid volume and 


electrolyte control, chap 20. In, Circulatory Physiology. IL Dynamics 
and Control of Body Fluids (Guyton AC, Taylor AE, Granger HJ, ed). 
Toronto, WB Saunders Company, 1975, p 291 

Ribeiro AB, Krakoff LR: Angictensin blockade in coarctation of 
the aorta. N Engi J Med 295:148- 150, 1976 

Case DB, Wallace JM, Keim HJ, Weber MA, Sealey JE, Laragh 
JH: Possible role of renin in hypertension as suggested by renin- 
sodium profiling and inhibition of converting enzyme. N Engl J Med 
296:641—646, 1977 


. Parsons CG, Astiey R: Recurrence of aortic coarctation after 


operation in childhood. Br Med J 1:575-577, 1966 

Eshaghpour E, Olley PM: Recoarctation of the aorta following 
coarctectomy in the first year of life: a follow-up study. J Pediatr 
80:809—814, 1972 


. Maron BJ, Humphries JO, Rowe RD, Mellits ED: Prognosis of 


surgically corrected coarctation of the aorta: a 20-year postop- 
erative appraisal. Circulation 47: 119-126, 1973 


. Simon AB, Zioto AE: Coarctation of the aorta: longitudinal as- 


sessment of operated patients. Circulation 50:456-464, 1974 


. Rocchini AP, Rosenthal A, Barger AC, Castaneda AR, Nadas AS: 


Pathogenesis of paradoxical hypertension after coarctation re- 
section. Circulation 54:382—387, 1976 

Goodall McC, Sealy WC: Increased sympathetic nerve activity 
following resection of coarctation of the thoracic aorta. Circulation 
39:345-351, 1969 

Esler E, Jullus S, Zweifler A, Randall O, Harburg E, Gardiner H, 
DeQuatiro V: Mild high-renin essential hypertension. Neurogenic 
human hypertension? N Engl J Med:296:405—411, 1977 


. Samanek M, Goetzova J, Fiserova J, Skovranek J: Differences 


in muscle blood flow in upper and lower extremities of patients after 
correction of coarctation of the aorta. Circulation 54:377-381, 
1976 

Coleman TG, Guyton AC: Hypertension caused by salt loading in 
the dog. ill. Onset transients of cardiac output and other circulatory 
variables. Circ Res 25:135-160, 1969 


@ 


| HEARTWATCH 





E S When you finc 


HYPERTE 








Two out of eve five hypertensives 
found to be hyperlipidemic 
in recent stu 


Lipid abnormalities are often part of a broader 
clinical picture. For example, a recent study! 
reports an association between hypertension and 
hypertriglyceridemia—the most common form of 
hyperlipidemia. (See table below.) 


Type of Hypertensi ves Normotensives 
-Hyper ipidemia* (89 subjects) (89 subjects) 
TypellA — 9%(8) 7*6 
Type HB 696 (5) 3% (3) 
Type IV 26% (23) 11% (10) 
Tota ^" 1% (36) 219% (19) ced 








Hyper! adem) a was diagnosed when cholesterol levels exceeded 282 mg% 
abd Jor iriglycerides were over 177 mg9s— cutoff points higher than the usual 
ada lifts of normal. 

cepted from Thomas. G. Wetal? 


The essential measurements — 
cholesterol and triglycerides 


Today, | lipid determinations are recommended as 
part of every general medical examination. 


Because elevated |i ipids may coexist with high 
blood pressure, it is especially important to screen 
hypertensive patients for Ru atin dora: Testing 
for both cholesteral and triglycerides is considered 
ssential,?-5 since it increases the chances of 
etection from 6 out-of 10 to 9.5 out of 10.8 





| AN IMPORTANT NOTE: it has not been established 

` whether the drug-induced lowering of serum cholesterol or 
a lipid levels has a detrimental, beneficial, or no effect on the 
E morbidity or mortality due to atherosclerosis or coronary 
heart disease. Several years will be required before current 
Ü investigations will yield an answer to this question. 





The most widely prescribed antilipemic agent 1 


Atromid-S Aves: [Ayerst] - 





| When diet alone 


is not enough 


tromid~ 
(clofibrate) zi: 


significantly lowers 
serum levels of 
cholesterol and/or 
triglycerides 


Proved effective in study after study 


In clinical studies involving patients with 
drug-responsive hyperlipoproteinemia, diet plus 
ATROMID-S (clofibrate) lowered serum cholesterol 
levels from 22% to as much as 52% and reduced 
triglyceride values over a range of 19% to 8095.7? 


Patient acceptance is generally good 


in more than a decade of use, clofibrate has been 
generally well tolerated. Major adverse effects 

are primarily gastrointestinal, with nausea being 
predominant. Other G.I. reactions include loose 
stools, flatulence, abdominal distress, and, 
infrequently, gallstones. Less common reactions 
include muscle.cramping, myaigia, and alopecia. 
Please see “Important Note” at left and Warning on 
concomitant anticoagulant usage in prescribing 
information on following page. 


(clofibrate) 


See next page of this advertisement for prescribing information, -- * 














ATTRERC * E 


Atromid-S clofibrate 
2 capsules bd. 


BRIEF SUMMARY 

(For full prescribing information, see package circular.) 
ATROMID-S* Brand of clofibrate 

Antilipidemic agent for reduction of elevated serum lipids 


INDICATIONS: ATROMID-S is indicated as adjunctive therapy in patients who do not 
respond adequately to diet and other measures for the reduction of elevated serum 
cholestero! (especially the beta lipoprotein fraction) and/or triglycerides. Clofibrate ap- 
pears to have a greater depressant effect on the very low density lipoproteins (Ss 20- 
400) rich in triglycerides than the low density lipoproteins (S, 0-20) rich in cholesterol. 
ATROMID-S is also indicated for treatment o! patients with xanthoma tuberosum asso- 
ciated with hyperlipidemia. The skin lesions frequently regress with clofibrate 


It has not been established whether the drug-induced lowering of serum cholesterol or 
lipid levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to 
atherosclerosis or coronary heart disease. Several years will be required before current 
investigations will yield an answer to this question 


CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. While 
teratogenic studies have not demonstrated any effect attributable to clofibrate, it is known 
that serum of the rabbit fetus accumulates a nigher concentration of clofibrate than that 
found in maternal serum, and it is possible that the fetus may not have developed the 
enzyme system required for the excretion of clofibrate 


It is contraindicated in lactating women since it is not known if clofibrate is secreted in the 
milk. 


It is contraindicated in patients with clinically significant hepatic or renal dysfunction 


Itis contraindicated in patients with primary biliary cirrhosis since it may raise the already 
elevated cholesterol in these cases 


WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE 
GIVEN IN CONJUNCTION WITH ATROMID-S THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL 
CASE) TO MAINTAIN THE PROTHROMBIN T!ME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN 
LEVEL HAS BEEN STABILIZED 


Strict birth control procedures must be exercised by women of childbearing potential. 
In patients who plan to become pregnant. clofibrate should be withdrawn several 
months before conception. Because of the possibility of pregnancy occurring despite 
birth contro! precautions in patients taking clofibrate, the possible benefits of the drug 
to the patient must be weighed against possible hazards to the fetus 

Administration of clofibrate to mice and rats in long-term studies at eight times the human 
dose resulted in a higher incidence of liver tumors than in controls. Lower doses were not 
studied. Although the relevance of this finding to humans is not known at this time, it can- 
not be dismissed especially since this drug is intended for long-term adminis- 
tration. ATROMID-S should be used only in patients with hyperlipidemia who do not 
respond adequately to dietary intervention 

PRECAUTIONS: Before instituting therapy with clofibrate, attempts should be made to 
contro! serum lipids with appropriate dietary regimens, weight loss in obese patients, 
contro! of diabetes mellitus, etc. 


Because of the long-term administration of a drug of this nature, adequate baseline 
studies should be performed to determine tha! the patient has significantly elevated serum 
lipid levels. Frequent determinations of serum lipids should be obtained during the first few 
months of ATROMID-S administration, and periodic determinations thereafter The drug 
should be withdrawn after three months if response is inadequate. However, in the case of 
xanthoma tuberosum, the drug should be employed for longer periods (even up to one 
year) provided that there is a reduction in the size and/or number of the xanthomata 


Subsequent serum lipid determinations should be done to detect a paradoxical rise in 
serum cholesterol or triglyceride levels. Clofibrate will not alter the seasonal variations 
of serum cholesterol peak elevations in midwinter and late summer and decreases in 
fall and spring. If the drug is discontinued, the patient should be placed on an 
appropriate hypolipidemic diet, and his serum lipids should be monitored until 
stabilized, as a rise in these values to or above the original baseline may occur. 
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During clofibrate therapy, frequent serum transaminase determinations and other liver 
function tests should be performed since the drug may produce abnormalities in these 
parameters. These effects are usually reversible when the drug is discontinued. Hepatic 
biopsies are usually within normal limits. If the hepatic function tests steadily rise or show 
excessive abnormalities, the drug should be withdrawn. Therefore use with caution in 
those patients with a past history of jaundice or hepatic disease. 

Clofibrate may produce “flu like" symptoms (muscular aching. soreness, cramping). Thé 
physician should differentiate this from actual viral and/or bacterial disease. 


Use with. caution in patients with peptic ulcer since reactivation has been reported. 
Whether this is drug-related is unknown. 


Complete blood counts should be done periodically since anemia, and more frequently, 
leukopenia have been reported in patients who have been taking clofibrate 

Various cardiac arrhythmias have been reported with the use of clofibrate. 

Several investigators have observed in their studies that clofibrate may produce 4 
decrease in cholesterol linoleate but an increase in palmitoieate and oleate, the latte! 
being considered atherogenic in experimental animals. The significance of this findinc 
is unknown at this time 


ADVERSE REACTIONS: Of the pertinent reactions, the most common is nausea. Less 
frequentiy encountered gastrointestinal reactions are vomiting, loose stools, dyspepsia, 
flatulence, and abdominal distress. Reactions reported less often than gastrointestinal 
ones areheadache, dizziness, and fatigue; muscle cramping, aching, and weakness; skin 
rash, urticaria, and pruritus; dry brittle hair, and alopecia. 


The following reported adverse reactions are listed alphabetically by systems 


Cardiovascular 
Increased or decreased angina 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 


Dermatclogic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 


Gastroirtestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, *latulence, abdominal distress) 
Hepatomegaly (not associated with hepatotoxicity) 
Gallstones 
Vomiting 
Stomatitis and gastritis 


Genitourinary 
Impotence and decreased libido 
Findings consistent with renai dysfunction as evidenced Dy dysuria, hematuria, pro- 
teinuria, decreased urine output. One patient's renal biopsy suggested "allergic 
reaction." 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 


Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like" symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased transaminase (SGOT and 
SGPT), BSP retention, and increased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 


Reported adverse reactions whose direct relationship with the drug has not been 
established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthritis, tremors, in- 
creased perspiration, systemic lupus erythematosus, blurred vision, gynecomastia, 
thrombocytopenic purpura. 

DOSAGE AND ADMINISTRATION: /nitial: The recommended dosage for adults is 2 g 
daily, in divided doses. Some patients may respond to a lower dosage 


Maintenance: Same as for initial dosage. 
Note: In children, insufficient studies have been done to show safety and efficacy. 


DRUG INTERACTIONS: Caution should be exercised wher anticoagulants are given in 
conjunction with ATROMID-S. The dosage of the anticoagulant should be reduced usually 
by one-half (depending cn the individual case) to maintain the prothrombin time at the 
desirec level to prevent bleeding complications. Frequent prcthrombin determinations are 
advisable until it has been definitely determined that the prothrombin level has been 
stabilized 

MANAGEMENT OF OVERDOSAGE: While there has been mo reported case of overdos- 
age, should it occur, symptomatic supportive measures should be taken 


HOW SUPPLIED: ATROMID-S—No. 243—Each capsule contains 500 mg clofibrate, in 
bottles of 100 

References: 1. Thomas, G. W., et al.: Br. Med. J. 2:805 (Sept. 24) 1977. 2. Ahrens, E. H., 
Jr.: Ann. Intern. Med. 85:87 (July) 1976. 3. Council on Foods and Nutrition: J.A.M.A 
222:1647 (Dec. 25) 1972. 4. Scheig, R.: Conn. Med. 39:71 (Feb.) 1975. 5. Letters to the 
Editor: Current Prescribing (July) NR 15. 6. Fredrickson, D. S., et al., in Holmes, 
W. L., Carlson, L. A., and Paoletti, R. (à S.): Du Affecting Lipid Metabolism, vol. 4, 
New York, Plenum Press, 1969, p. 314. 7. Brown, H. B., Lewis, L. À., and Page, I. H.: Clin. 
Pharmacol. Ther. 17:171 (Feb.) 1975. 8. Gelfand, M. L., and Garbor, M.: Exhibit, Ameri- 
can College of Caraidlogy Meeting, New Orleans, La., Feb 21-Mar. 1, 1970. 9. Zelis, R., 
et al.: J. Clin. Invest. 49:1007 (May) 1970. 10. Levy, R. I., et al.: Ann. Intern. Med. 77:267 
(Aug.) 1972. 11. Berkowitz, D.: J.A.M.A. 218:1002 (Nov. 15) 1971. 12. Lorenzo, E. M., 
et al.: Curr. Ther. Res. 22:147 (July, Sect. 2) 1977. 
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Conduct _ 
with Pronestul 


Procainamide Hydrochloride 


e documented effectiveness in ventricular arrhythmias; 
indicated for certain atrial arrhythmias as well 

e an effective alternative to lidocaine for intravenous 
administration 

e unlike Norpace* (Disopyramide Phosphate), widely used and 
extensively studied in patients with ventricular arrhythmias 
following acute MI 

e unsurpassed versatility—injectable and oral are the same 
chemical entity, possess the same pharmacodynamics 

e produced under exacting quality control standards by 
Squibb — numerous specific quality control tests from 
starting material to finished product T" 


See next page for brief summary 





PRONESTYL* INJECTION 
Procainamide Hydrochioride injection USP 


DESCRIPTION: Pronesty! Injection (Procainamide 
Hydrochloride injection USP} is a sterile, aqueous 
solution providing 100 mg or 500 mg procainamide 
hydrochloride per mi. The 100 mg/m! potency 
contains 0.9% (w/v) benzy! alcohol and 0.09% 
sodium bisulfite as preservatives. The 50C mg/mi 
potency contains 0.1% methylparaben and not 
more than 0.2% sodium bisulfite as preservatives. 


CONTRAINDICATIONS: In patients with myas- 
thenia gravis and where a hypersensitivity to pro- 
cainamide exists; cross sensitivity to procaine and 
related drugs must be borne in mind. Should not 
be given to patients with complete atrioventricular 
heart block. Contraindicated in cases of high- 
degree A-V biock unless an electrical pacemaker 
is operative. 


PRECAUTIONS: Evidence of untoward myocardial 
responses should be carefully watched for in ail 
patients. in the presence of myocardial damage, 
procainamide may produce untoward responses. 
in atrial fibrillation or flutter, the ventricular rate 
may increase suddenly as the atrial rate is slowed; 
adequate digitalization reduces but does not 
abolish this danger. If myocardial damage exists, 
ventricular tachysystole is particularly hazardous. 
The dislodgment of mural thrombi producing an 
embolic episode may occur in correcting atrial 
fibrillation due to the forceful contractions of the 
atrium. 

Extreme caution is required in attempting to 
adjust the heart rate when ventricular tachycardia 
has occurred during an occlusive coronary episode 
Or where the use of procainamide may result in 
additional depression of conduction and ventricular 
asystole or fibrillation as in A-V block, bundle 
branch block, or severe digitalis intoxication. 

Parenteral administration should be monitored 
electrocardicgraphically whenever practicable. 
Parenteral administration should be discontinued 
at once if electrocardiograms give evidence of im- 
pending heart block. This complication should be 
kept in mind when treating ventricular arrhythmias 
{especially parenterally) in patients with severe 
organic heart disease and ventricular tachycardia 
who may also have compiete heart block. Since 
asystole may resuit if the ventricular rate is signifi- 
cantly slowed without attainment of regular atrio- 
ventricular conduction, procainamide should be 
stopped and the patient re-evaluated. 

in the presence of both liver and kidney damage. 
normal dosage may produce symptoms of over- 
dosage — principally ventricular tachycardia and 
severe hypotension. 

Asyndrome resembling lupus erythematosus has 
been reported with oral maintenance procainamide 
therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin 
lesions, pleural effusion and pericarditis may also 
occur. Rare cases of thrombocytopenia or Coombs- 
positive hemolytic anemia, possibly related to 
this syndrome, have been reported. Measure anti- 
nuclear antibody titers at regular intervals in 
patients on procainamide for extended periods of 
time or in whom symptoms suggestive of lupus- 
like reaction appear; discontinue drug in event of 
rising titer or clinical symptoms of LE. Steroid 
therapy may be effective if discontinuation of pro- 
cainamide does not cause remission of symptoms 
If the syndrome develops in a patient with recur- 
rent life-threatening arrhythmias not otherwise 
controllable, steroid-suppressive therapy may be 
used concomitantly with procainamide. 


ADVERSE REACTIONS: Because procainamide 
is a peripheral vasodilator. I V. administration may 
produce transient but at times severe hypotension 
particularly in conscious patients. I. M. injection is 
less likely to cause serious falls in blood pressure. 
:: Serious disturbances of cardiac rhythm such as 
ventricular asystole or fibrillation are also more 
common with LV. administration. 

A syndrome resembling lupus erythematosus 
has been reported in patients on oral maintenance 





therapy. Reactions consisting of fever and chills 
including a case with fever and chills plus nausea, 
vomiting, abdominal pain, acute hepatomegaly, 
andarise in SGOT following single doses of the 
drug have been reported. Bitter taste. diarrhea, 
weakness, mental depression, giddiness, psychosis 
with hallucinations, hypersensitivity reactions 
Such as angioneurotic edema and maculopapular 
rash have been reported. Agranulocytosis has 
been occasionally reported following repeated use 
of the drug, and deaths have occurred; therefore, 
routine blood counts are advisable during main- 
tenance therapy. If soreness of mouth, throat 
or gums, unexplained fever or any symptoms of 
upper respiratory tract infection should occur and 
leukocyte counts indicate cellular depression, 
procainamide therapy should be discontinued and 
appropriate treatment should be instituted 
immediately. 

For full prescribing information, consult package 
insert. 
HOW SUPPLIED: Pronestyl iniection (Procaina- 
mide Hydrochloride Injection USP) is available in 
10 mi vials providing 100 mg procainamide hydro- 
chloride per mi and in 2 ml viats providing 500 mg 
procainamide hydrochloride per ml. 


PRONESTYL* TABLETS 

Procainamide H loride Tablets 
PRONESTYL* CAPSULES 
Procainamide Hydrochioride Capsules USP 


The prolonged administration of procainamide 
often leads to the development of a positive 
anti-nuclear antibody (ANA) test with or with- 
out symptoms of lupus erythematosus-like syn- 


drome. if a positive ANA titer develops, the 
benefit/risk ratio related to continued procain- 
amide therapy should be assessed. This may 
necessitate considerations cf alternative anti- 
arrhythmic therapy. 





DESCRIPTION: Pronestyi (Procainamide Hydro- 
chloride) is the amide analogue of procaine 
hydrochioride and is available for oral adminis- 
tration as veneer-coated tablets and capsules 
providing 250 mg, 375 mg. and 500 mg procain- 
amide hydrochloride 


CONTRAINDICATIONS: In patients with myas- 
thenia gravis and where a hypersensitivity to pro- 
cainamide exists; bear in mind cross sensitivity to 
procaine and related drugs. Shouid not be given to 
patients with complete atrioventricular heart block. 
Contraindicated in cases of second degree and 
third degree A-V biock unless an electrical pace- 
maker is operative. 


PRECAUTIONS: Evidence of untoward myocardial 
responses should be carefully watched for in all 
patients. in the presence of myocardiai damage 
with atrial fibrillation or flutter the ventricular rate 
may increase suddenly as the atrial rate is slowed: 
adequate digitalization reduces but does not 
abolish this danger. Ventricular tachysystole is par- 
ticularly hazardous if myocardial damage exists. 


The dislodgment of mural thrombi producing an 
embolic episode may occur in correcting atrial 
fibrillation due to the forceful contractions of the 
atrium. 

Extreme caution is required in attempting to 
adjust the heart rate when ventricular tachycardia 
has occurred during an occlusive coronary episode 
or wherethe use of procainamide may result in addi- 
tional depression of conducticn and ventricular 
asystole or fibrillation as in second degree and 
third degree A-V block, bundie branch block, or 
severe digitalis intoxication. 

Bear in mind when treating ventricular arrhyth- 
mias in patients with severe organic heart disease 
and ventricular tachycardia that complete heart 
block. which may be difficult to diagnose, may be 
present. Since asystole may result ifthe ventricular 


rate is significantly slowed without attainment of 
regular atrioventricular conduction, procainamic 
should be stopped and the patient re-evatuat&i. 

in the presence of both liver and kidney damac 
normal dosage may produce symptoms of over- 
dosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus fr 
been reported with oral maintenance procainami 
therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic nain. Fever, myalgia, skin 
lesions, pleural effusion and pericarditis may als 
occur Rarecases of thrombocytopenia or Coomt 
positive hemolytic anemia. possibly related to 
this syndrome, have been reported. Measure arn 
nuclear antibody titers at regular intervals in 
patients on procainamide for extended periods ¢ 
time or in whom symptoms suggestive of lupus- 
like reaction appear; in event of rising titer (anti- 
nuclear antibody! or clinical symptoms of LE, 
assess the benefit/risk ratio related to continuec 
procainamide therapy (see boxed Warning). Ster 
therapy may be effective if discontinuation of pn 
cainamide does not cause remission of symptom 
if the syndrome develops in a patient with recurre 
life-threatening arrhythmias not otherwise con- 
trollable, steroid-suppressive therapy may be us 
concomitantly with procainamide. 


ADVERSE REACTIONS: Hypctension is rare wi 
oral administration. Serious disturbances of card 
rhythm such as ventricular asystole or fibrillatior 
are more common with LV. administration. 

Large oral doses may sometimes produce ano 
rexia, nausea, urticaria, and/or pruritus. 

Asyndrome resembiing jupus erythematosus F 
been reported in patients on oral maintenance 
therapy (see Precautions). Reactions consisting 
fever and chills have been reported, including a 
case with nausea, vomiting, abdominal pain, acu 
hepatomegaly, and a rise in serum glutamic oxak 
acetic transaminase following single doses of th« 
drug. Agranulocytosis has been occasionally 
reported following repeated use of the drug, and 
deaths have occurred. Therefore, routine blood 
counts are advisable during maintenance procai 
amide therapy; and the patient should be instruct: 
toreport any soreness of the mouth, throat or gun 
unexplained fever orany symptoms of upper res 
ratory tract infection. If any of these symptoms 
shouldoccur and leukocyte counts indicate cellu 
depression, procainamide therapy should be dis 
continued and appropriate treatment should be 
instituted immediately. Bitter taste, diarrhea, wee 
ness, mental depression, giddiness, psychosis wi 
hallucinations, and hypersensitivity reactions su: 
as angioneurotic edema and maculopapular rash 
have been reported. 

For full prescribing information, consult packa: 
insert. 
HOW SUPPLIED: Pronesty! Tablets (Procainami 
Hydrochloride Tablets) and Pronestyl Capsules 
(Procainamide Hydrochloride Capsules USP) prt 
viding 250 mg. 375 mg, anid 500 mg procainamid 
hydrochloride are available in bottles of 100 and 
Unimatic* single-dose packaging in cartons of 1C 
The 250 mg and 500 mg tablets and capsules are 
aiso available in bottles of 1000. 
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the long awaited 





August 1978 
328 pages 
199 illus. 
$38.00 


bvers in 24 Chapters All the Information 
bcessary for Correct Dermatologic Diagnosis 


Part I: General Principles 


Anatomy of Skin 

Physiological and Chemical Functions of the Skin 
Etiology of Dermatoses 

Diagnostic Procedures 

Dermal Histopathology 

Mycology 

Allergy 

Occupational Dermatoses 

Sexually Transmitted Diseases 

Psychosomatic Medicine Applied to Dermatology 
Principles of Therapy 


Part II: Morphologic Dermatology 
Regional Invoivement 

Differential Diagnosis Charts 

Macular Eruptions 

Papular Eruptions 

Vesicular Eruptions 

Pustular Eruptions 

Eruptions Involving the Scalp and Other Hairy Areas 
Lesions Involving the Mucous Membranes 
Sweat Gland Lesions 

Nail Lesions 

Tropical Diseases 

Peripheral Vascular Diseases 

Some Syndromes of Dermatologic Significance 
Index 


revision of a classic dermatology 


text .. . now illustrated in color 


lo facilitate accurate diagnosis 


2nd sition 


Clinical 
Dermatology 


for Students and Practitioners 
Joseph W. Burnett, MD 


Professor and Head of Dermatology, 
University of Maryland 


Harry M. Robinson, Jr., MD 


Professor of Dermatology, 
University of Maryland 


The definitive source for the primary care practitioner 
. .. the indispensible quick reference for the dermatol- 
ogist ... the basic dermatology text for students and 
interns 

This Second Edition has been completely rewritten 
and brought up-to-date with the most modern diagnos- 
tic and therapeutic techniques, yet it retains the em- 
phasis on conciseness that helped make this work such 
a valuable reference. 

The reader will find the many illustrations particu- 
larly helpful. The inclusion of color, new to this edition, 
demonstrates vividly the dermatologic manifestations 
that are frequently a sequel to underlying abnormalities. 
Every physician confronted with a skin problem will 
welcome this reliable guide for diagnosis. 
a ES ee 201 1 
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666 Fifth Avenue, P.O. Box 876, New York, N.Y. 10019 





Please send me a copy of CLINICAL DERMATOLOGY for 
Students and Practitioners for 30 days free examination. If | 
decide to keep it, your invoice will be honored ($38.00 plus 
shipping). Otherwise the book will be returned for full credit or 
refund. 


O Full payment enclosed, publisher absorbs shipping cost 


Charge to my credit card Expire date 
C] Master Charge O Visa 














Card No. . bras "NE. ur 
[] Send invoice (U.S. and Canada only) 
Name E : 
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Countries outside Western Hemisphere: $43.00 prepaid in U.S. funds or credit card. New 
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A New 
Inotropic Agent 
for the Short-Term 
Treatment of Low-Output 
Cardiac Failure 


Selectively Increases 
Myocardial Contractility 
with Consistent 
Hemodynamic Improvements 


Distinguishing Qualities of Dobutrex 





Strong Inotropic Activity through 

Selective Stimulation 

Dobutrex is a potent, positive inotropic agent 
whose primary activity results from stimulation of 
the 8 receptors of the myocardial muscle cells.’ 


Hemodynamic Improvements 

Dobutrex has minimum effect on the 
adrenergic receptors in the vasculature.’ In 
most patients, blood pressure changes are 
small, and decreases in afterload and preload 
have been reported in clinical investigations 
(see warnings)? 


Small Effect on Heart Rate and Automaticity 


Dobutrex has minimum effect on ventricular For LV. Injection 
automaticity? and does not reduce blood 250 mg* in 20-ml vials 
pressure ^ This, together with its low chronotropic *Equivalent to dobutamine 
potential, reduces the risk of arrhythmia (see 

warnings). Please see following page 
be SONS Siete is M RE Ct Bas AO EEEN 105 eae aa for brief summary of 
Renal Output and Urine Flow POSTE ain n 


Dobutrex does not have the direct renal 
vasodilative effect of low-dose dopamine; 
however, in patients with heart failure, Dobutrex 
generally promotes a diuresis as renal perfusion 
rises with the increased cardiac output 


Direct-Acting 

Unlike dopamine, Dobutrex acts directly on the 
myocardium and does not depend on the 
release of endogenous norepinephrine for its 
inotropic activity. 


Myocardial Oxygen Balance 

Increases in coronary heart perfusion due to 
increased cardiac output, together with a 
favorable influence on some of the major 
determinants of oxygen consumption (for 
example, decreases in left-ventricular filling 
pressure, decreases in systemic vascular 
resistance, and a mild chronotropic effect 28), 
suggest that Dobutrex improves or maintains 
myocardial oxygen balance. 


Infrequent Side Effects 
Increases in heart rate, blood pressure, and 
ventricular ectopic activity have occurred. The 
drug is contraindicated in patients with 
idiopathic hypertrophic subaortic stenosis. In ee ee 4 
patients who have atrial fibrillation with rapid 
ventricular response, a digitalis preparation 
should be used before therapy with Dobutrex is 
instituted. For warnings, precautions, and 
adverse reactions, see the brief summary of 
prescribing information. 

Because of the rapid onset and brief duration 
of action of Dobutrex, precise adjustment of 


' Eli Lilly and Company 
! MC-897 
cardiac stimulation is possible by regulation of 


PO. Box 618 
Indianapolis, Indiana 46206 


Please send me additional information regarding 
Dobutrex® (dobutamine hydrochloride, Lilly). 


the rate of administration. As a result, when Name 
undesirable effects arise, temporary 
discontinuation of the infusion or reduction in 
dosage will generally reverse the adverse 
conditions. No additional remedial measures 
+ are usually necessary. 


References: 
4. Circ. Res., 36:195, 1975. 4. Intensive Care Med. 3:57, 1977 
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Brief Summary 
Consult the package literature for prescrib- 


“sing information. 


7 “Indications and Usage: Dobutrex® (do- 
- butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 


E “tropic support in the short-term treatment 


of adults with cardiac decompensation due 
to. Gepressed contractility resulting either 
from organic heart disease or from cardiac 


surgical procedures. 


- Inpatients who have atrial fibriliction with 
fapid ventricular response, a digitciis prep- 
Gration shouid be used prior to instituting 
therapy with Dobutrex. 


CContraindication: Dobutrex is contraindi- 
categ in patients with idiopathic hyper- 


cfróphic subaortic stenosis. 


“Warnings: ^. increase in Heart Rate or Blood 
Pressure —DobDutrex may cause a marked 
increcose in heart rate or blood pressure, 


Ex z éspecially systolic pressure. Approximately 10 


percent cf patients in clinical studies have 
hdd rate increases of 30 beats/minute or 
Mere, and about 75 percent have had a 
;50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
-iisk cf developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of develcping 


San exaggerated pressor response. 


2.Ectopic Activity —Dobutrex may precipi- 
fate or exacerbate ventricular ectopic ac- 
fivity, but it rarely has caused ventricular 
tachycardia, 


Precautions: 1. During the administration of 
Dobutrex, as with any adrenergic agent, ECG 


and blood pressure should be continuously 


“monitored. in addition, pulmonary wedge 
c pressure and cardiac output should be 
| monitored whenever possible to aid in the 
/;$afe and effective Infusion of Dobutrex. 
“2. Hvpovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
teceived a beta-blocking drug. In such a 
case, tne peripheral vascular resistance may 

"increase. 

4, No improvement may be observed in 
the presence of marked mecnanical 
obstruction, such as severe valvulor aortic 
stenosis. 

Usage Following Acute Myocardial 
infarction —Ciinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 
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Dobutamine HCI 





drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
fion by intensifying ischemia, but it is not 
known whether dobutamine does so. 

Usage in Pregnancy —Reproduction 
studies performed in rats end rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex for use in children have not 
been studied. 


Drug interactions There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
renily with other drugs, including digitalis 
preparations, furosemide. spironolactone, 
lidocaine, glycery! trinitrate. isosorbide 
dinifrate, morphine, atropine. heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary studies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: increased Heart Rate, 
Blood Pressure, end Ventricular Ectopic 
Activity —A 10 to 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects) Approximately 5 percent of 
patients have had increased premcture ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects —The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, paipitations, and shortness of breath 


No abnormal laboratory values attribut- 
able to Dobutrex have beer observed. 

longer. Term Safety —infusons of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: in case of overdosage. as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rote 
of administration or temporarily discontinue 
Dobutrex until the patients condition 
stabilizes. Because the durafion of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary 





Administration and Dosage: Reconstitution 
ond Stability —Dobutrex*. {dobutamine hy- 
drochioride, Lilly) is incompatible with aka- 
line solutions and shouid not be mixed with 
products such œ 5% Sodium Bicarbon- 
ate Injection. 

Dobufrex may be reconstituted with Sterile 
Water for injection or 5% Dextrose Injection. 
To reconstitute, add 10 mi of diluent to vial 
No. 7057 Dobutrex. 250 mg. if fhe material is 
not completely dissolved, add an additional 
10 mi of diluent. The reconstituted sclution 
may be stored under refrigeration for 48 
hours or at-room temperature for six hours. 

Reconstituted Dobutrex must be further dk 
luted to at least 5C ml prior to administration 
in 5% Dextrose injection. 0.9% Sodium 
Chloride injection, or Sodium Loctate injec- 
tion. intravenous solutions should be used 
within 24 hours. 

Solutions contairing Dobutrex may exhibit 
a color that. if present, will increase with time. 
This color change is.due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage —The rate of infu- 
sion needed fo increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Roles of infusion for Concentrations of 
250. 500, and 1900 megimt 
infusion Delivery Rate 











Drug Delivery 
Rate 250 mcgimi* 500 meg/mit 1000 
(meg/kg/mind (ml/kg/rmin) (ml/kg/min) (milage 
26 6.01 0.005 0.0025 
5 0.02 0.01 0.005 
7$ 0.03 0.018 0.0075 
10 0.04 0.02 gI 
125 0.05 0.025 0.0125 
15 0.06 0.03 0.015 


*250 mg per liter of diluent 
*500 mg per liter or 250: mg per 500-mt of diluent 
11000 mg per titer or 252 mg per 250 mi of diluent 

The rate. of administration and the dura- 
fion of therapy should be adjusted accord- 
ing to the patients response, as determined : 
by heart rate, presence of ectopic activity 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cardiac 
output. 

Concentrations up to 5000 mcg/mi have 
been administered to humans (250 mg/50 
mi). The final volume administered should be 
determined by the fluid requirements of the 
patient. {ossera] 


Addibonat information available to 
HK the profession on request 
E | gii Lilly and Company 
Indianapolis, indiana 46206 
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Would you prescribe 
a drug that hasnt been 
clinically proven? 





Of course not. 


How about an 
anti-embolism stocking? 





Ifthe stocking youre 
using doesnt have this 
symbol 


T 


its nota TEN md 


an 
its not clinically proven. 
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Contraindications: 

Stockings may not be recommended for patients with the following: 

1. Any local leg condition in which stockings would interfere, such as: 

a. dermatitis, 

b. vein ligation (immediate post-operative), 
c. gangrene, 

d. recent skin gratt. 

2. Severe arteriosclerosis or other ischemic vascular disease. 

3. Massive edema of legs or pulmonary edema trom congestive heart failure, 

4. Extreme deformity of leg. 

5. For thigh length, patients with a circumference greater than 25 inches (63.5cm) 
atthe gluteal furrow. For full leg (X-S, S, M, L), patients with a circumference of 25 
inches (63.5cm) or greater atthe gluteal furrow. For full leg ( X-L), patients with a 
circumference of greater than 32 inches (81.3cm) at the gluteal furrow. 


Precautions: 
1. Proper sizing and application must be assured. 


2. For full leg style TE.D.® Stockings, avoid interference of side panels or waistband 
with incisions, drainage tubes, catheters or other exterior devices. 


Warnings: 
Caution: Federal (U.S.A.) Law restricts this device to sale by or on the order of a 
physician. 


Footnotes: 

1. Holford, C.P, “Graded Compression for Preventing Deep Venous Thrombosis.” 
British Medical Journal, 2: 969-970, 1976. 

2. Scurr, J.H. et al., "The Efficacy of Graduated Compression Stockings in the Preven- 
tion of Deep Vein Thrombosis.” British Journal of Surgery, 64: 371-373, 1977. 

3. Barnes, Robert W et al, “Efficacy of Graded-Compression Antiembolism Stock- 
ings in Patients Undergoing Total Hip Arthroplasty” Clinical Orthopaedics, 132: 
61-67, 1978. 

4. Wilkins, Robert W. et al., "Elastic Stockings in the Prevention of Pulmonary Embol- 
ism: A Preliminary Report" New England Journal of Medicine, 246: 360-364, 
1952. 

5. Wilkins, Robert W. & Stanton, Joseph R., "Elastic Stockings in the Prevention of Pul- 
monary Embolism II. A Progress Report.” New England Journal of Medicine, 
246: 1087-1090, 1953. 
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Meyerowitz, B.R., & Nelson, R., “Measurement of Velocity of Blood in the Lower 
Limbs with and without Compression.” Surgery, 56: 481-486, 1964. 


Sigel, Bernard, et al, "Compression of the Deep Venous System of the Lower Leg 
During Mactine Recumbering.” Archives of Surgery, 106: 38-43, 1973. 
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If you feel strongly that the 
anti-embolism stockings 
used in your service should 
be clinically proven, return 
this card. 


EHE. 





JI want TED.-the only clinically 
proven anti-embolism stockings- 
used in my hospital. 

O Please send me the clinical studies 
proving the effectiveness of 
TED. Stockings. 


NAME 

HOSPITAL AFFILIATION 

ADDRESS 

CITY STATE ZIP 
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The Kendall Company * Hospital Products + Boston, MA 02101 
HM2035-C American Journal of Cardiology 
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used in my hospital. 
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proving the effectiveness of l 
TE.D. Stockings. 
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The Kendall Company * Hospital Products * Boston, MA 02101 | 
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REVIEWS 


Coarctation of the Aorta: Review of 234 Patients and 
Clarification of Management Problems 


RICHARD R. LIBERTHSON, MD Two hundred thirty-four patients with coarctation of the aorta who were 
D. GLENN PENNINGTON, MD managed between 1948 and 1978 were reviewed. Their ages ranged from — 
MARSHALL L. JACOBS, MD 1 day to 72 years. Only 6 percent of the patients who had surgical cor- 
REED hs DAGGETT, MD: FACC rection between ages 1 and 5 years had residual hypertension. In contrast, 

` Boston, Massachusetts 21 percent of those operated on before age 1 year (all with residual or 


recurrent coarctation), 30 percent of those operated on between ages __ 
6 and 18 years, 47 percent of those operated on between ages 19 and 40. 
years and 50 percent of patients over 40 age years at the time of operation __ 
had residual postoperative hypertension. These data suggest that the 
optimal time for elective surgical correction of coarctation is between the __ 
ages of 1 and 5 years. BE 

Preoperative congestive heart failure was present in 67 percent of _ 
patients under age 1 year, in 67 percent of those over age 40 years and 
in only 4 percent of those aged 1 to 40 years. Eight of the 29 infants with 
preoperative heart failure had residual postoperative failure related'in 
most to associated congenital cardiac anomalies. Six of the 16 patients. 
with preoperative heart failure who were over age 40 years al correction: — 
had residual failure, although even in these patients heart failure was - 
improved. Bacterial endocarditis, cerebral vascular accident, myocardial 
infarction and aortic dissection were present in 2, 6, 3 and 2 percent of 
patients, respectively; these complications occurred more frequently with - 
advancing age and occurred in 13 patients who had had prior coarctation = 
repair. los 

Additional congenital heart lesions were present in 34 percent of the. 
patients. Of those under age 1 year, 67 percent had a clinically significant - ; 
patent ductus arteriosus with or without ventricular septal defect or aortic. — 
stenosis. After age 1 year, 27 percent of the patients had associated: 
cardiac lesions, and no patient had a clinically significant patent ductus — 
or ventricular septal defect. Aortic stenosis or insufficiency was present 
in 33 patients. When identified during infancy, aortic stenosis was often __ 
clinically significant. Thereafter, only eight patients had clinically signif- 
icant aortic valve disease at the time of this review, and only two of these 
patients were younger than age 40 years. 








In spite of the extensive medical and surgical experience with coarctation = 
of the aorta, '-^* there are still unanswered questions pertaining to the 
management of patients. with this condition. The most important: 


sited eee of peti and Bancs question concerns the optimal timing of elective coarctation repair, with — 
ardiac unit) an urgery (Cardiovascular Sur- 1 vl i > ati z: g ayoo 
gical Service), Massachusetts General Hospital, reference to the increased incidence of residual coarctation when surgery — 
Boston, Massachusetts. Manuscript received is performed in infancy versus increasingly frequent residual hyper- 
October 18, 1978; revised manuscript received tension when surgery is performed later in life.'? Although many authors 
November 28, 1978, accepted November 29, favor elective repair early in childhood,?-!! few data are available on the 


1978 . . ; . 2I MM £o 
d ME : stoperativ hypertension when correction is. per: 
Address for reprints: Ríchard R. Liberthson, MD; actual incidence of postoperative hyperte F 


Cardiac Unit, Massachusetts General Hospital formed at different ages. Furthermore, although attention was directed _ 
Boston, Massachusetts 02114. by the National Task Force on Blood Pressure Control in Children to | 





eae : : April 1979 The American Journal of CARDIOLOGY Volume 43 835. 








COARCTATION OF THE AORTA—LIBERTHSON ET AL, 


_ the fact that hypertensive blood pressure may be con- 
__ siderably lower in children than in adults, blood pres- 
-Sure in children with postoperative coarctation was not 


[LL previously assessed with these criteria.^! 


The efficacy of surgery in the older patient with 


| coarctation who already has established hypertension 
. and may have acquired complications, including con- 
gestive heart failure, is still controversial,®:7.9-!2-16 and 

— little data are available on the incidence of residual 


hypertension or failure in these older patients. Finally, 
altheugh associated congenital heart lesions have been 
Well described 5917-26 including the frequent oc- 
. currence of bicuspid aortic valve, the clinical signifi- 

cance of these associated lesions still warrants discus- 
sion. 


Methods 


cc In this study we reviewed the records and follow-up course 

- of 234 patients treated at the Massachusetts General Hospital 
from 1948 to 1978 who had coarctation of the aorta diagnosed 
-at cardiac catheterization, surgery or postmortem examina- 


_ tion, The history, physical examination, electrocardiograms, 


chest. roentgenograms, cardiac catheterization and angio- 
graphic data, surgical and autopsy findings when available, 


| and fellow-up course of these patients were reviewed. 


Blood pressure: In all patients, preoperative ambulatory 


arm blood pressures were determined from hospital, office or 


-. Clinical records. When multiple recordings were available, the 
-average systolic and diastolic pressures were determined. In 
patients over age 18 years, hypertension was defined as resting 


systolic and diastolic pressures equal to or greater than 140 
|. and 90 mm Hi, respectively. Patients under age 18 years were 


considered hypertensive when their systolic or diastolic blood 


= pressure exceeded the 90th percentile for their age on at least 


three determinations?! Pastoperative blood pressure was 
. recorded at the last patient evaluation (from 1 to 28 years, 
. mean 5.7). Patients who required chronic postoperative an- 

.tihvpertensive medication were included in the hypertensive 


. group regardless of their "treated" blood pressure. Significant 


c residual postoperative coarctation was defined by elevated 


_ arm blood pressure and simultaneous leg blood pressure at 


. least 36 mm Hg below that in the arm. Congestive heart failure 
was defined by standard clinical and radiologic findings. 
Asseciated cardiovascular disease: Because of the long 
interval covered by this study, management of the pátients 
<- varied, and we were able to evaluate the natural history of 
| patients in the absence of surgery as well as the effects of 


^ TABLEI 


Age at the Time of Diagnosis or Surgical Correction of Coarctation of the Aorta in 234 Patients 


surgical intervention at different ages. Only patients whose 
"major" lesion was “adult-type” or post- or periductal aortic ' 
coarctation were included in this study.4!42.53 Patients who 
had associated “simple” cardiac lesions, including patent 
ductus arteriosus, ventricular septal defect, and aortic or 
mitral valve stenosis or insufficiency, were included. Patients 
who had associated “severe” complex congenital heart disease, 
including “fetal or preductal” coarctation 414253 transposition 
of the great arteries, single ventricle and interrupted aortic 
arch, were excluded because in these patients the associated 
lesions were generally more important in determining clinical 
course and survival than the coarctation itself. 

In all patients, the diagnosis of associated cardiac disease 
was confirmed at cardiac catheterization, surgery or post- 
mortem evaluation. Because it was difficult to be certain of 
the diagnosis of associated bicuspid aortic valve retrospec- 
tively, particularly in patients evaluated during the early years 
of this review when clinical awareness of this condition was 
limited, estimation of the incidence of associated bicuspid 
aortic valve was not possible. Aortic stenosis was defined he- 
modynamically by an aortic pressure gradient greater than 
20 mm Hg at catheterization or by typical postmortem find- 
ings. Aortic insufficiency was determined with clinical ex- 
amination or catheterization and angiography. 


Results 


Age: The records of 234 patients (150 male and 84 
female) with coarctation of the acrta were reviewed. At 
the time of definitive diagnosis, their ages ranged from 
1 day to 72 years. Table I shows the age distribution of 
the patient population at confirmed diagnosis and the 
age at the time of correction of those who had sur- 
gery. 

Preoperative and postoperative hypertension: 
Systemic hypertension was the most frequent acquired 
complication in these patients. Table II shows the in- 
cidence of hypertension in all 234 patients at the age of 
diagnosis before correction. Eighty percent of the 138 
patients under age 19 years were hypertensive, and 84 
percent of the 96 patients aged 19 years and older were 
hypertensive. Table III shows the pre- and late post- 
operative blood pressure in 164 of the 188 operated 
patients whose blood pressure was measured at fol- 
low-up (1 to 28 years [mean 5.7] after operation). In 3 
of the 14 patients (21 percent) who had surgery before 
age 1 year, postoperative blood pressure exceeded the 











Total Age at Time of Operation (yr) (no. = 188)* 
Age at no. of Patients Not f 
Diagnosis (yr) Patients Operated On «1 1-5 6-10 11-18 19-29 30-40 >40 
«1 43 4t 25 19 4 B aus 
1-5 24 4 e 8 10 1 1 s 
6-10 24 4 20 i bs Nos 
11-18 47 4 n 28 10 2 3 
19-29 49 11 2 30 5 1 
30-40 23 8 1 12 2 
240 24 11 uod as M T re — 13 
Total 234 46 25 18 34 31 42 19 19 








* A detailed review of the surgical experience with some of these patients is now in press.54 
* Three died with congestive heart failure and one of a cerebrovascular accident in infancy. 
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- 90th percentile for their age, and in these 3 patients the 
increased blood pressure was attributed to residual 
postoperative coarctation. Of the 17 patients who had 
correction between ages 1 and 5 years, postoperative 
blood pressure exceeded the 90th percentile in only 1 
patient (6 percent); the increased pressure in this pa- 
tient was related to residual postoperative coarcta- 
tion. 

Thirty-three patients had surgery between ages 6 and 
10 years, and postoperative blood pressure in nine of 
these patients (27 percent) exceeded the 90th percentile 
for their age, although the actual pressure was greater 
than 140/90 mm Hg in only one patient. Residual 
coarctation was present in two of the nine patients. Of 
the 110 patients who had surgery after age 11 years, 
including those over age 40 years at the time of surgery, 
residual hypertension was present in 50 percent but was 
not believed to be related to persisting coarctation in 
any patient. 

Congestive heart failure: Table IV shows the re- 
maining acquired complications in the patient popu- 
lation. Congestive heart failure was most common of 
these complications and was present in 49 patients (17 
percent). The incidence of congestive heart failure was 
highest in the patients under age 1 year and over age 40 
years. In infancy, congestive heart failure was attributed 
in part to associated congenital cardiac anomalies, 
which were present in 29 of the 43 infants (67 percent). 
Congestive failure in the latter patients was refractory 
to medical management and required surgical inter- 
vention for the coarctation or the associated cardiac 
anomaly, or both. In eight of these infants, postopera- 
tive congestive heart failure persisted and was attrib- 
uted to the associated anomaly in all but one infant, in 
whom it was secondary to residual coarctation. Con- 
gestive heart failure was present in only 4 percent of 
patients aged 1 to 40 years but in 67 percent of patients 
(16 of 24) over age 40 years. In 6 of the 16 patients with 
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TABLE Il 


Relation Between Age and Preoperative Blood Pressure 
in 234 Patients With Coarctation of the Aorta 

















Total Arm Blood Pressure 
Age no. of «90th 290th 
(yn Patients Percentile Percentile" 
«1 43 12 31 
1-5 24 5 19 
6-10 24 4 20 
11-18 47 7 40 
Subtotal 138 28 110 
«140/90 = 140/90 
mm Hg ram Hg 
19-29 49 7 42 
30-40 23 5 18 
240 24 3 21 
Subtotal 96 15 81 





* According to the recommendations of the National Heart, Lung, < 


and Blood Institute Task Force Report on Blood Pressure Control im -— 
Children.5! SS 


congestive heart failure who had correction after age 40 
years, congestive heart failure persisted after surgery .- 
but was clinically improved, as indicated by improved —_ 
symptoms, physical findings and diuretic require 
ments. : 


Other aequired complications: Cerebral vascular 3) 
accidents occurred in 13 patients (6 percent); 5 of these —- 


patients had had previous repair of coarctation, but all 


13 had residual hypertension. One unoperated infant; — - 
four patients aged 11 to 18 years, three patients aged 19. — 


to 40 years and five patients older than 40 years had a 
cerebral vascular accident. The latter five patients, . 
comprised 21 percent of the 24 patients older than age ^ 

40 years. Bacterial endocarditis, myocardial infarction, 
and aortic dissection were present in five, seven and foar = 
patients, respectively. 




















TABLE Ill 
Relation Between Preoperative and Late Postoperative Blood Pressure and Age at the Time of Coarctation Repair in 
164 Patients 
Preoperative Arm Late Postoperative Arm 
Total Blood Pressure Blood Pressure" 
Age no. of «90th 290th <90th 290th 
tyr) Patients Percentile Percentile Percentile Percentile! 
«1 14 2 12 11 3 
1-5 17 3 14 16 i 
6-10 33 5 28 24 9$ 
11-18 27 5 22 18 gt 
Subtotal 91 | 18 76 69 380909) — 
«140/90 2140/90 «140/90 = 140/90 
mm Hg mm Hg mm Hg mm Hg 
19-29 39 5 34 19 20t 
30-40 18 3 15 11 7t 
>40 16 2 14 8 8 
Subtotal 73 10 63 38 35 (25 








* Measured 1 to 28 years (mean 5.7) after operation. 


dren.?! 


* According to the recommendations of the National Heart, Lung, and Blood Institute Task Force Report on Blood Pressure Control in Chik E : 


One,!, two? or three! patients had residual or recurrent postoperative coarctation. 
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- TABLE IV 














:Distribution of Acquired Complications in Relation to Age at Diagnosis in 234 Patients With Coarctation of the Aorta 
Total no. 
Age at of Patients Congestive 
Diagnosis at Age of Heart Cerebral Vascular Bacterial Myocardial Aortic 

fyr) Diagnosis Failure Accident Endocarditis infarction Dissection 
«1 43 29 (8) 1 rem 1 bur 
1-5 24 1 uA 1(1) kin ; 
6-10 24 X wee aks ing 3 

11-18 47 1 4 (3: 100 $e : 

19-29 49 3 1 2 1110 1 

36-40 23 2 2(1) 1 110) 10) 
240 24 16 (6) 5(ti ur 412) 2 (1) 
Total 234 52 (14) 13 (5) 5 (2) 7 (4) 4 (2) 








: Numbers in parentheses indicate patients who had previously had 


_ Associated cardiac lesions: One hundred fifty-four 
-patients had isolated coarctation of the aorta, and 80 
— patients. (34 percent) had additional cardiac lesions 
- (Table V). Associated congenital anomalies were 
^. present in 67 percent of our infants, most of whom had 
_ either patent ductus arteriosus, patent ductus arteriosus 
. and ventricular septal defect, or aortic stenosis. Fifty- 
-. one (27 percent) of the 191 patients older than 1 year 
had associated cardiac lesions, including 18 with aortic 
— stenosis and 9 with predominantly aortic insufficiency. 
* n six infants, aortic stenosis was believed to contribute 
< to congestive heart failure. At the time of this review, 
toseven. adults have had clinically significantly aortic 
- stenosis. One of these patients underwent an aortic 
__ valve “plasty” procedure at age 18 years, four have had 
- aortic valve replacement (at ages 28, 48, 62 and 72 
* years), and two patients, aged 45 and 68 years, died with 
|. unoperated severe aortic stenosis. None of our patients 
-. have required aortic valve replacement for aortic in- 
_ sufficiency, although one with severe aortic insufficiency 
t ds being followed up. Nineteen patients over age 1 year 
- had associated ventricular septal defect or patent 
: ductus arteriosus. The ductus was routinely ligated and 
. divided at the time of coarctation repair, although this 
defect was not considered hemodynamically significant 
- dn any patient. No patient over age 1 year required 
cventricular septal defect closure. 











TABLE V 


< Distribution of Associated Congenital Cardiac Anomalies in 
"the Aorta 


coarctation repair. 


Six patients had associated mitral valve disease, 
which consisted of congenital stenosis in one infant who 
also had aortic stenosis and rheumatic mitral disease in 
four adults. The latter diagnosis was made by a combi- 
nation of echocardiographic findings, surgical obser- 
vations and histologic study of excised valve specimens. 
No patient required mitral valve surgery at the time of 
coarctation repair. 


Discussion 


Hypertension and optimal age for elective sur- 
gical correction of coarctation: Hypertension is the 
most common and important acquired complication in 
patients with coarctation of the aorta, with a preoper- 
ative incidence, regardless of age, of greater than 80 
percent, 79.:51727-39 Although generally well tolerated 
early in life, hypertension is responsible for most of the 
morbidity and mortality associated with coarctation 
with advancing age?! 313 Thus, determination of the 
optimal age for surgical correction in these patients to 
minimize the incidence of hvpertension is of paramount 
importance. 

Attempts are now being made to define hypertension 
in children and to clarify its significance?! Although 
many questions remain unanswered, it appears that in 
tbe child, blood pressures lower than the standard adult 
hypertensive level of 140/90 mm Hg may constitute 


Relation to Age at Diagnosis in 234 Patients With Coarctation of 





PDA 





Age at Total One or More Al Mitral 
^: Diagnosis no. of Isolated Associated and and Valve 

(vr) Patients Coarctation Cardiac Anomalies PDA VSD vSD AS AS Disease 
«1 43 14* 29 13 ES 13 6 ec 1 
1-5 24 21 3 1 pet -— — 1 1 
6-10 24 19 5 3 fee 1 1 ids 

11-18 47 33 14 5 Ir 6 3 s 

19-29 49 39 10 4 3 2 1 os 

30-40 23 14 9 1 2 2 1 341) 
>40 24 14 10 zi om dps 7 2 (1) 

234 154 80 27 5 13 24 9 6 





* Including infants with patent foramen ovale and hemodynamically insignificant patent ductus arteriosus. 


Numbers in parentheses indicate patients with mitral insufficiency 


:/AI = aortic insufficiency; AS = aortic stenosis; PDA = patent ductus arteriosus; VSD = ventricular septal defect: 


838 


Apri 1979. The American Journal of CARDIOLOGY Volume 43 





- significant hypertension. Previous studies of postop- 
erative hypertension in coarctation generally applied 
adult hypertensive criteria to children. In this study we 
followed the recent recommendations of the National 
Task Force on Blood Pressure Control in Children?! and 
considered hypertension to be a level greater than the 
90th percentile for the normal population of a given age 
group, recognizing that the long range significance of 
these blood pressures in children has not yet been de- 
fined. 

No reported consensus now exists on the optimal age 
for elective coarctation repair. Numerous reports cite 
the increased incidence of residual coarctation when 
surgery is performed before age 1 year,23320:4-41 and 
most reports recommend delaying correction at least 
until after infancy.^!! However, one recent review!? 
suggests that the optimal age for surgery should be 
lowered to 6 to 12 months. Our findings support the 
former workers?-!! in confirming the significant inci- 
dence of residual coarctation and hypertension in 
postoperative infants. Furthermore, our findings clearly 
show that residual postoperative hypertension is not a 
significant problem even when surgery is delayed until 
age 5 years. Thus, although some infants will require 
emergency repair of coarctation due to congestive heart 
failure, it is not necessary to incur the increased risk of 
residual coarctation by electively correcting coarctation 
in the asymptomatic infant, when one can safely wait 
until the aorta is larger. We now delay elective correc- 
tion until age 4 years. Although severe hypertension in 
children corrected after age 6 years is unusual, a sig- 
nificant number of these children have postoperative 
blood pressures exceeding the 90th percentile for their 
age; thus, delay of surgical repair beyond age 6 years 
should be avoided if possible. 

Surgical correction in patients over age 40 years: 
Some workers have suggested that surgery should not 
be performed in older patients because of already es- 
tablished hypertension and the high morbidity and 
mortality associated with these operations.'* In con- 
trast, others have reported favorable postoperative re- 
sults regardless of advanced age.?!? 6 Our findings 
confirm the well known fact that the incidence of re- 
sidual postoperative hypertension in coarctation in- 
creases with increasing age at the time of sur- 
gery.279.13,15-17242829,42-44 However, 50 percent of our 
patients who were over age 40 years at the time of cor- 
rection became normotensive, and of the 67 percent who 
had preoperative congestive heart failure, only 25 per- 
cent had residual failure, which even in these patients 
was clinically improved after operation. The only death 
in this group occurred in a 72 year old man during 
emergency simultaneous replacement of his stenotic 
calcific aortic valve and bypass of the coarctation, when 
cardiogenic shock developed during carotid endarter- 
ectomy. On the basis of these findings, we believe that 
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although coarctation repair carries a higher risk and. 
offers less dramatic improvement in older patients, 


repair should not be denied these patients on the basis. 
of age, long-standing hypertension or even congestive- 


heart failure. 

Management of congestive heart failure: After- 
hypertension, congestive heart failure was the most 
common acquired complication in our patients. The 
distribution of congestive heart failure was bimodal; it- 
occurred in two-thirds of our infants and in two-thirds 
of our patients over age 40 years. In the infants, con- 
gestive heart failure was most often related, at least in 
part, to associated congenital heart lesions; in the adults 
it was generally attributed to chronic hypertension and 
occasionally to aortic valve disease. In contrast, con- 
gestive heart failure was rare in patients aged 1 to 40 
years. 

Management of the infant with medically refractory - 
congestive heart failure presents a difficult problem that: 


is often related more to the surgical management of the _ 


associated cardiac anomalies than to the coarctation 
itself.3-4.8.9.17-22 Although an associated patent ductus. _ 
arteriosus is readily ligated at the time of coarctation © 
repair, in infants with a large ventricular septal defect. 
or aortic stenosis both medical and surgical mortality 
are high, as indicated by our own experience and as re- 
ported by others.5^ Conversely, when refractory con- 
gestive failure is due to isolated coarctation of the aorta, 
the results of emergency surgery performed in infancy 
are excellent. 

Management of associated cardiac lesions: Infants 
who present with coarctation have a high incidence of 
associated congenital cardiac lesions that often require 
intervention; in contrast, in patients older than age 1 
year, clinically significant associated cardiac lesions are 
less common and rarely require additional surgery. 
Although bicuspid aortic valve is commonly associated 
with coarctation 8:16:!7.28.25.27,28.32,33,46.47.49 the clinical 
significance of this association has received little at- 
tention. Fourteen percent of our patients had docu- 
mented aortic stenosis or insufficiency. When identified 
during infancy, associated aortic stenosis was often se- 
vere and contributed significantly to early failure. After 
infancy, clinically severe aortic valve disease was un- 
common and rarely necessitated aortic valve surgery _ 
until late in life. However, with the increased longevity 
made possible by early coarctation repair, significant 
aortic valve disease will undoubtedly become more 
frequent in such patients. 
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In 18 patients who presented in less than 2 years with heart disease __ 
characterized by arrhythmias (including atrial fibrillation, ventricular _ 
arrhythmias and heart block), atypical chest pain, pericarditis and cardiac — 
failure, extensive investigation revealed no cause for the disease except _ 
for evidence of toxoplasmic infection. One patient had. acute toxoplas- 
mosis; the other 17 patients had chronically increased titers, higher than — 
the expected level in the community and also higher than in a control 
series of patients with well defined heart disease. Toxoplasmosis is _ 
probably a fairly common cause of heart disease in this community. The _ 
source of infection appeared to be cats, uncooked meat and congenital 
infection. Patients received chemotherapy with either pyrimethamine and — 
sulfadiazine or tetracycline. Serious relapse occurred in three patients 
and embolic complications in two. Experimental myocarditis occurs when __ 
toxopiasmic cysts rupture within the heart; therefore clinical symptoms - - 
may occur sporadically during a chronic infection. n 


Infection with Toxoplasma gondii is common in both animals and human. | 
beings throughout the world. In contrast, the recognition of clinically 
significant disease is relatively uncommon; except in the case of con- 
genital intra-uterine infection, which may cause stillbirth or severe . 
neonatal illness and death from meningoencephalitis and myocarditis. - 
In adults, acquired toxoplasmosis has three forms: first, the miliary n= 
fection with widespread organ involvement pursuing a severe course; : = 
second, the glandular type that involves only the lymph nodes and rans- 
a benign course resembling infectious mononucleosis!; and, finally, the 
localized type with involvement of only one or two organs. This group 
includes toxoplasmic myocarditis,? hepatitis,? chorioretinitis,! polymy- 
ositis? and glomerulonephritis,® as well as various neurologic disorders - 
including meningoencephalitis and single and multiple mass lesions.’ 

Toxoplasmic myocarditis is considered a rare disease; however; our 
experience over the last 2 years indicates that in a relatively well defined '- 
group of patients with recurrent arrhythmia, atypical chest pain and _ 
chronic congestive heart failure extensive investigation reveals no cause = 
of disease except for the presence of chronic or latent toxoplasmie in-- 
fection. If this relation is direct, then toxoplasmic myocarditis is a fairly 
common cause of heart disease in urban North America. Qur experience 
with 18 patients with toxoplasmic myocarditis is presented. 





Patients 








Eighteen patients who were referred for diagnosis and treatment of cardiac 
arrhythmias, chest pain or heart failure are presented. All were studied initially — 
for evidence of the common forms of heart disease (including coronary, hype 
tensive, valvular, congenital; alcoholic, infective and thyrotoxic heart disease) 
using the standard techniques. of history and physical examination, 12 lead. 

electrocardiography, chest X-ray film, echocardiography and when approptriat 
serum thyroxine, serial viral antibodies, exercise test (supine bicycle ergometer 
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or treadmill), cardiac catheterization and coronary angiog- 
~ raphy. As a result of these investigations, a cardiomyopathy 
-< was suspected in the 18 cases and toxoplasmosis was consid- 
‘ered. The retinas were examined and direct inquiry into di- 

<- etary history for ingestion of raw or rarely cooked meats, and 
- exposure to cats was made. The patients’ occupational history 
.. Was reviewed for exposure to farm animals, including goats, 


|. "and to animal flesh. 


Serial toxoplasmic antibodies were studied over a 2 year 


... period and were measured by the serology laboratory, Min- 


: . istry of Health of the Province of Ontario, "Toronto, for the 
toxoplasmie indirect fluorescent antibody (IFA) test and by 


D -. the Toxoplasmosis Diagnostic Laboratory, Ontario Veterinary 
.: College, University of Guelph, for the Sabin-Feldman dye 


(SFD) test. 
| 7 The severely ill patients were nursed in the acute cardiac 
. care unit with continuous electrocardiographic monitoring 
. and standard cardiac intensive care. Patients were treated 
-with digoxin, diuretic drugs, electrolyte supplementation and 


P antiarrhythmic drugs as required. Nine patients were treated 


for toxeplasmosis with pyrimethamine (Daraprim®), 50 mg 
|. daily, and sulfadiazine, 0.5 g 4 times a day. In these patients, 
- hemoglobin determination, white blood count and platelet 
|. count were performed at least twice a week. Leukopenia and 
__ thrombocytopenia or gastrointestinal complications such as 
. -glossitis or esophagitis were treated with folinic acid (calcium 
_ leucovorin), 9 mg intramuscularly, for 3 days. The remaining 
-nine patients were treated with tetracycline, 500 mg 4 times 
a day for 4 weeks, and several patients had repeat courses of 
-chemotherapy with tetracycline. All patients were followed 


TABLE 1 


up from diagnosis, clinical relapses were noted, and further” 
treatment was given as appropriate. 

The toxoplasmic antibodies of the patients’ relatives living 
at home, and in some cases of their domestic animals, were also 
studied. À single test to determine the titer of antibodies was 
also performed in a control series of 44 patients of a similar 
age group with well defined heart disease including rheumatic, 
ischemie and congenital heart disease. 


Results 


Clinical features: The age, sex, presenting features 
and the presence of heart failure, atrial or ventricular 
arrhythmia and chest pain are included in Table I. The 
patients included 12 men and 6 women. Only four pa- 
tients were over age 60 years and four were under age 
40. Heart failure was the presenting feature in four 
patients. Three other patients had exertional dyspnea 
without overt failure. Six patients had atypical chest 
pain, which was the chief presenting complaint in two 
patients. Two patients had acute pericarditis. Eight 
patients presented with palpitations and one with 
syncope and dizziness, probably due to Stokes-Adams 
attacks. Thirteen patients had atrial arrhythmias and 
three had ventricular arrhythmias. One patient had first 
and second degree heart block (Mobitz I) as well as 
atrial tachycardia and atrial fibrillation. Another pa- 
tient had paroxysmal second degree heart block (Mobitz 
D. Retinal examination revealed evidence of toxo- 





























17 48F 





Cerebral embolism 
18 53M 7 mo 


t. Presenting Complaint and Clinical Features of Heart Disease 
Case Age {yr} Duration Heart Chest 
no. & Sex — of Symptoms Failure Arrhythmias Pain 
Acute Toxoplasmosis 
Severe heart failure 
1 56M 1 wk Biventricular Ventricular bigeminv, atrial fibrillation Atypical 
Chronic Toxopiasmosis 
Heart failure 
2 63M 6 yr Left ventricular Atrial fibrillation Atypical 
3 44F 5 yr Left ventricular Atrial fibrillation Atypical 
4 58M 3yr Left ventricular Atrial fibrillation ors 
Chest pain 
5 M 3 mo EM Atypical 
6 41M 12 yr Parox 2nd degree A-V block Atypical 
7 52M Thr ete Acute pericarditis 
8 41M 1 day Acute pericarditis 
Arrhythmias 
9 26 F 6 yr 20-30 ventricular ectopic beats/min 
10 30F 3 mo Parox atrial tachycardia and fibrillation; 
degree A-V block 
11 40M 2 mo Parox atrial fibrillation 
12 36 F 7 yr Recurrent supraventricular tachycardia Mena 
13 46M 3hr Parox atrial fibrillation Atypical 
14 83 F 7 yr Atrial fibrillation — 
15 62M Tyr Atrial fibrillation; ventricular ectopic beats 
16 63M 5 yr Atrial fibrillation 
5 wk Parox atrial flutter 





Parox atrial fibrillation 





AA = atrioventricular: parox = paroxysmal. 
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.. »plasmic involvement in only one patient (Case 12), who 
— had been blind in the left eye since age 2 years as a result 
of toxoplasmic choroiditis. 
. Viral and toxoplasmic antibody studies: Serial 
-examination for viral antibodies was performed in five 
patients (Cases 1, 7, 8, 13 and 17) with a recent sudden 
. onset of symptoms. The groups tested included Cox- 
sackie B», Bs, B4 and Bs; influenza A/Victoria, A/Swine, 
A/Port Chalmers and also Para-influenza 1, 2 and 3 
viruses. Patient 9, when pregnant, was studied for ru- 
bella, cytomegalovirus and hepatitis B. No titer in- 
creased significantly in any of these patients. 





TABLE ii 
Serial Toxoplasmic Antibody Tests and Chemotherapy 
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The results of serial toxoplasmic antibody tests __ 
(Table II) indicate that the infection was chronic in al 


patients except one (Case 1). This patient had a negative- . : 


titer in 1970, and in 1976 presented with severe acute — 
heart failure with a high titer that was apparently de=. 
creasing even before chemotherapy was given; after 


treatment, he had a fairly stable chronically positive ~ o 


titer. In general, the Sabin-Feldman dye (SFD) test and. 
indirect fluorescent antibody (IFA) test showed fairly _ 
close agreement and either the SFD or the IFA test were 
1:256 or greater in all, except in one patient (Case 10) - 
at 1:128. 








































































Tests " : 
Case no. 1 2 3 4 5 6 7 8 9 10 11 12 Follow-up (mo) 
Acute Toxoplasmosis 
Neg > 1024 1024 256 256 256 
4096 1024* 256 64 256 256 256 64) 64 256 256 24 
1 (1970) (1976) : EN 
Chronic Toxoplasmosis PA 
2 1024 1024 
1024 1024! 256 256 256 256 16 
3 1024 1024 1024 
256 256! 256 256 256 256 256 16 
4 256 
256 64! 256 256 256 12 
5 1024 1024 
256 256* 256 256 256 21 
6 128 $4 128 
256 256 256* 64* 64 64 64 64 22 
7 256 256 256 256 256 
256 256 256* 256 256 256 20 
8 
256 256! 256 256 256 9 
9 256 1024 1024 
64 64* 64 256 256 17 
10 128 128 128 256 128 128 
64 64* 64 16! 16 16! 64 64 17 
1i 1024 1024 1024 
256 256* 256 256 256 17 
12 64 256 256 256 
256 256* 256 256 256 256 17 
13 256 256 
256 256! 864 64 13 
14 1024 1024 1024 1024 
1024 1024! 1024 1024 17 
15 
256 847 64 64 12 
16 
256 256! 256 3 
17 
256 256! 256 3 
18 256 256 256 
256° 64 64 64 24 








* The patient received chemotherapy with pyrimethamine and sulfadiazine after this test. 


* The patient received chemotherapy with tetracycline after this 
All dilutions are expressed as whole numbers; for example, 256 






J^ with the indirect fluorescent antibody test. 
Neg = negative. 


For each patient, the first row represents the antibody titer determined 


test. 
indicates a dilution of 1:256. 
with the Sabin-Feldman dye test, a 
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nd the second row represents the titer E 
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_. Cardiac diagnostic procedures: The electrocar- 
. diogram was normal in only two patients. Fifteen pa- 
| tients had arrhythmias and one patient had a hyper- 
| trophic pattern. Three patients had saddleback S-T 
. elevations, suggestive of pericarditis, and one patient 
had diffuse T wave inversion in the anterior and inferior 
- leads. The chest X-ray film was normal in eight patients; 
eight patients had cardiomegaly and three had pulmo- 
.. mary congestion or edema. Two patients had pleural 
_effusions. Echocardiography was performed in 17 pa- 
tients; the results were normal in 9. Right ventricular 
. dimensions were increased in two patients, left atrial 
dimensions were increased in five, and left ventricular 
. . diastolic dimensions were increased in two patients. One 
— patient had paradoxical septal motion. 
—. . Five patients underwent exercise testing before the 
| . diagnosis of toxoplasmosis was established. Only one 
.. patient achieved the maximal predicted work output. 
. One patient (Case 6) had frequent ventricular ectopic 
| complexes after exercise, and Patient 9 had frequent 
.. ventrieular ectopic complexes both before and during 


|. TABLE ill 
= Possible Mode of infection and Family Infection 
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exercise. These patients, therefore, demonstrate exer- 
cise intolerance and ventricular irritability. 

Cardiac catheterization and coronary angiography 
in Patients 2 and 6 disclosed evidence of diffuse left 
ventricular hypokinesia and dilatation in Patient 2 and 
a normal left ventriculogram in Patient 6. No significant 
coronary artery disease was evident in either patient. 

Modes of infection: Possible modes of infection and 
the results of antibody tests in close relatives are pre- 
sented in Table III; only one patient (Case 10) had no 
exposure to pets or farm animals, disliked rare meat and 
had family members with negative antibody test results. 
The mode of infection in this patient is unknewn, but 
as a housewife, she was probably exposed to uncooked 
meat. One patient (Case 1), a realtor, cleaned up an old 
farm house filled with animal excreta and dust just 2 
weeks before the onset of heart failure associated with 
a very high antibody titer. Titers had been negative 
several vears earlier. 

_ Six patients had cats. In one patient's family, both 
the cat and the dog had positive titers. This patient's 





| ^ Case 

















Duration Duration Mode of Close 
no. of Symptoms of Exposure Infection Relatives 
Acute Toxoplasmosis 
1 1 wk 2 wk Cleaned old infested farmhouse W neg 
Chronic Toxoplasmosis 
: Ww 
2 6 yr Chronic Meat renderer 1 j neg 
3 5 yr 7 yr earlier Cat died 7 yr earlier Refused 
4 8 yr Chronic Raw meat; farm laborer before 1956 W neg 
5 3 mo Chronic Goat's meat Single 
6 12 yr Chronic Goat farm exposure Hi neg 
: ihr Chronic Uncooked hamburger sandwiches; cat 1:256; dog 1:256 W 1:1024 2 C neg 
8 1 day Chronic Goat's meat W 1:64 3C neg 
9 6 yr Chronic Uncooked beef tartare and pork sausage: cat H 1:128 
10 3 mo No pets; no uncooked meat É à neg 
11 2 mo Chronic Raw sausage M 1:1024 (Case 14) 
12 7 yr In utero Mother infected during pregnancy d neg 
: . Ww 
as) 3 hr Chronic Cat 3c nec 
14 7 yr Chronic Raw sausage c - 1:1024 (Case 11) 
: w 
15 Tyr Chronic Cat 
y 2 d neg 
16 5 yr Chronic Butcher W neg 
17 5 wk Chronic Cat 
3 s TM 
0:48 7 mo Chronic Rare meat Refused 





C = child or children; H = husband; M = mother; neg = negative; W = wife. 
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‘wife had a titer of 1:1024 and was the only relative with 
such a high titer who had no sign of heart disease. One 
patient had had an ill cat destroyed 7 years before the 
study; cardiac symptoms developed 2 years later. Six 
patients liked uncooked or rare meat and meat prod- 
ucts including beef tartare, uncooked hamburgers and 
uncooked pork sausage; four of these patients had rel- 
atives with positive titers. Two patients liked goat's 
meat, and the wife of one of them had a positive titer 
(1:64). Another patient had been to a goat farm and had 
drunk goat's milk. One patient had worked for 13 years 
at a meat rendering company that processed old unused 
meat and meat products. Four years before the study, 
he had retired with a disability pension for heart failure 
due to cardiomyopathy. His close relatives had negative 
titers. Another patient was a butcher. Patient 12 is un- 
usual in this group because she probably acquired in- 
fection in utero. She had choroiditis at age 2 years and 
nephritis at age 8 years. There was no exposure to pets, 
farm animals or uncooked meats, and both her husband 
and child had negative antibody tests. 

Of the 18 patients, therefore, 16 had chronic or 
long-term previous exposure, and only 1 patient (Case 
1) had recent exposure that resulted in acute toxo- 
plasmosis. As indicated in Table III, a patient's symp- 
toms may be acute and recent despite evidence of only 
chronic infection. 

Treatment: All patients received appropriate 
treatment with digoxin, diuretic drugs and electrolyte 
supplementation for heart failure and with digoxin and 
propranolol if necessary for arrhythmias; two patients 
with cerebral embolism (Cases 1 and 18) were treated 
with anticoagulant drugs. All patients' initial symptoms 
and signs were controlled in this manner. In an effort 
to prevent further relapses, they also received a course 
of chemotherapy (Table ID). Nine patients received 
pyrimethamine and sulfadiazine. The patient with acute 
toxoplasmosis (Case 1) had a sustained decrease in titer, 
although the titer remained chronically positive. Of the 
eight patients with chronic infection, only patient 6 had 
a permanent decrease in titer to 1:64. A consistent de- 
crease in titer occurred in two of nine patients receiving 
tetracycline (Cases 2 and 13). 

Relapses: Three patients had serious relapses after 
treatment. One year after control of symptoms and 
chemotherapy with pyrimethamine and sulfadiazine, 
severe heart failure with atrial fibrillation developed in 
Patient 1 at a time when the antibody titers were low. 
He was given a course of tetracycline and his condition 
remitted. Four months later, he had two episodes of 
cerebral embolism; he was treated with anticoagulant 
drugs and recovered. Patient 6 had a further episode of 
severe atypical chest pain, complicated by transitory 
second degree (Mobitz I) atrioventricular block, 8 
months after chemotherapy when his antibody titer had 
decreased (Table ID. 'There was no clinical, electro- 
cardiographic or echocardiographic evidence of peri- 
carditis or myocardial ischemia. Coronary angiograms 
and left ventriculograms were normal. He was given a 
course of tetracycline, and no further episodes occurred. 
Patient 10 had a further episode of second degree 
atrioventricular block with syncope 8 months after 


- 
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chemotherapy at a time when the SFD titer was in- 
creased. She received a course of tetracycline therapy 
after this, but had a further attack 3 months later. The 
remaining patients did well and had no further re- 
lapses. 

Complications of therapy: These occurred in sev- 
eral patients. Leukopenia and thrombocytopenia de- 
veloped in four patients receiving pyrimethamine. They 
were treated with folinic acid, 9 mg intramuscularly for 
3 days, and were able to continue chemotherapy. Gas- 
trointestinal side effects occurred in two patients: 
glossitis in one, and esophagitis in another; both pa- 


tients responded to treatment with folinic acid. As à... 


result of this experience, patients receiving pyri- 
methamine were also given folic acid, 5 mg twice daily 
by mouth, and no further complications occurred. One 


patient was unable to tolerate the nausea and anorexia 


that were common in the patients receiving pyri- 


methamine; she and eight other patients (one of whom = 


had thrombocytopenia before treatment) were treated _ 


with tetracycline, 500 mg four times daily for 1 month,» - 


without ill effect. 
Control series: In the control series of 44 patients 
with an average age of 41 years, collected from the same 


referral population, 8 patients (18.1 percent) had alow .. 


positive titer. The highest was 1.64. 


Discussion 

Significance of Toxoplasmic Antibody Titers in 
Clinical Diagnosis 

Establishing a causal relation between evidence of 
toxoplasmic infection and myocarditis is difficult. Even. 
at autopsy, the evidence may be only indirect and, like 
the clinical evidence, based largely on a process of ex- 
clusion. The reasons for this are both epidemiologic and 
pathologic. Many communities have a large prevalence 
of toxoplasmic infection but a small incidence of clinical 
manifestations. Parallel pathologic data demonstrate 
that myocardial involvement with toxoplasma does not ` 


- necessarily lead to myocarditis. When low positive 


toxoplasmic antibody titers are common in a commu- 
nity, assessment of the significance of a positive titer 


requires some knowledge of the local prevalence rate. 


The incidence rate of low positive titers in some cities 
in Canada and the United States is as follows: Toronto, © 
25 percent®; Montreal, 26 percent?; Syracuse, 30 per- 
cent!?; and Pittsburgh, 35 percent.!! Therefore, low 
level titers are common. Higher titers are much less 
frequent: for example, in Montreal, of 1,516 sera ex- 
amined, only 8 percent had a titer of 1:256 or greater, 
many with clinical toxoplasmosis, and in Toronto, 6 
percent had a titer of 1:256 or greater. It is generally 
agreed that a level of 1:256 is clinically significant and 


represents active or past infection.?!*-'4 In acute dis- 
seminated toxoplasmosis, often complicating immu- __ 


nosuppressive chemotherapy, and in glandular toxo- 
plasmosis, the levels are much higher and serologic di- 
agnosis is not difficult. 





In chronic retinitis and myocarditis thesituationis — 
different. In ocular cases, titers as low as 1:64 are — 
considered significant. In isolated myocarditis some 


authors!9-!* have accepted levels as low as 1:16 or 1:64, - 
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. and an SFD titer of 1:32 was found in a fatal case of 
_ toxoplasmic myocarditis that was confirmed at autop- 
. Sy.'* In view of the prevalence rates of low titers such as 
i 1:16.and 1:64 in the border areas of eastern Canada and 
. in the United States, a level of 1:256 is probably required 
to suggest the diagnosis of toxoplasmic myocarditis in 
most cases. Occasionally, if the clinical evidence for the 
diagnosis is strong and other causes can be excluded, a 
titer of 1:128 may be acceptable. In our control series of 
44 patients with known heart disease, 18 percent had 
a low positive titer to a level of 1:64, which is comparable 
with the level found in other general population studies 
from this area*? and differentiates patients with known 
heart disease from our group of patients with toxo- 
plasmosis and a high stable titer of toxoplasmic anti- 
= bodies. 


. Chronic or Latent Toxoplasmic Infection and 
Myocarditis 
Under what conditions may a chronic or latent tox- 
 oplasmic infection lead to myocarditis? This depends 
zon the life cycle of the toxoplasmic parasite. After in- 
_ fection through the human gastrointestinal tract, a 
_ parasitemia develops and the organism is widely dis- 
< tributed in the invasive trophozoite form.!? In the heart, 
«c the trophozoite invades myocardial cells, leading to cell 
- death. In an acute miliary infection or a congenital in- 
fection, acute myocarditis develops with focal myo- 
cardial necrosis and infiltration with histiocytes, lym- 
phocytes and plasma cells.!6 This process does not occur 
- in most adults; instead, the trophozoite matures to the 
: encysted stage and probably remains viable in the 
myocardium throughout life.!? It is probably from this 
chronic iatent infection that local myocarditis may 
. develop if a cyst ruptures. Pathologic data are available 
zn only a few cases of localized myocarditis. Most of 
these cases demonstrate a nonspecific diffuse interstitial 
_. fibrosis, but toxoplasma was isolated by animal inocu- 
. lation in some of these cases.'©-!*.20 Animal experiments 
confirm the importance of cyst rupture, indicating that 
typical electrocardiographic abnormalities do not occur 
with pseudocyst formation but occur only when diffuse 
myocarditis develops after rupture of a cyst.?! The de- 
=- gree of virulence of the strain of toxoplasma may also 
be important; for example, in the rabbit, histologic 
myocarditis was much more frequent with low than with 
high virulence strains (96 percent compared with 31 
percent), and more severe electrocardiographic abnor- 
- malities (including ventricular extrasystoles and con- 
duction disturbances) occurred. The electrocardio- 
graphic abnormalities occurred at a later stage in the 
infection, when recovery of the parasite from the myo- 
cardium was less likely and some healing by fibrosis had 
occurred.?? An interesting parallel was demonstrated 
in man by the isolation of an organism of low virulence 
. from the lymph node of a patient with glandular toxo- 
plasmosis and myocarditis and many ventricular ex- 
trasystoles.?? 
Judged from these data, it appears likely that clinical 
. myocarditis develops at a late stage of the infection, 
- probably with a strain of toxoplasma of low virulence, 
at a time when some healing has occurred. Our serologic 
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data strongly support this view and demonstrate that - 
in all but one case clinical myocarditis developed and 
exacerbations occurred during the late or chronic phase 
of infection. Epidemiologic data from this area? col- 
lected by the Ontario Veterinary College (Guelph) 
demonstrate a marked cyclical pattern of serologic ev- 
idence of human infection with peaks in 1962, 1967 and 
1973; therefore, our cases were collected in years when 
the prevalence rate was low. This again suggests a 
relation to chronic and latent infection. Therefore, ex- 
perimental, serologic and epidemiologic data demon- 
strate that local myocarditis occurs most frequently 
during the chronic phase of toxoplasmic infection. 


Toxoplasmic Myocarditis 


The clinical features of this type of myocarditis are 
fairly consistent and lead us to suggest that a definite 
and not uncommon clinical entity exists that is char- 
acterized by arryhthmias, particularly atrial fibrillation, 
precordial discomfort and heart failure. 

Arrhythmias: The majority of our 18 patients had 
significant arrhythmias; 13 patients had atrial ar- 
rhythmias, 3 had ventricular arrhvthmias and 2 had 
conduction disturbances. One patient had paroxysmal 
supraventricular tachycardia, one had paroxysmal atrial 
flutter, four had paroxysmal atrial fibrillation and seven 
had long-standing atrial fibrillation. Two patients had 
paroxysmal second degree atrioventricular (A-V) block 
(Mobitz type D); one of these patients had syncopal at- 
tacks and episodes of supraventricular tachycardia and 
paroxysmal atrial fibrillation, suggesting both A-V 
nodal and atrial disease. Increased ventricular irrita- 
bility is an important feature of toxoplasmosis, and 
frequent ventricular ectopic complexes (up to 30/min) 
were found in three of our patients. 

Previous isolated case reports of toxoplasmic myo- 
carditis described a variety of supraventricular ar- 
rhythmias, including supraventricular tachycardia,2® 
nodal rhythm,” atrial flutter? and atrial fibrillation?'; 
conduction disturbances, including first degree A-V 
block,!6 second degree A-V block with Stokes-Adams 
attacks?? and bundle branch block!5; and ventricular 
arrhythmias, including ventricular tachycardia with 
syncopal attacks”? and frequent premature complexes.!9 
Thus, arrhythmias occur frequently in toxoplasmic 
myocarditis, and atrial fibrillation, either paroxysmal 
or long-standing, is apparently the mos: characteristic. 
In fact, when atrial fibrillation occurs in a middle-aged 
patient and the common forms of heart disease such as 
coronary, hypertensive and valvular heart disease can 
be excluded, toxoplasmosis should be seriously con- 
sidered. It should also be considered when conduction 
disturbances occur at an early age. 

Embolic phenomena: Several reports have described 
embolic complications of toxoplasmic myocardi- 
tis,162927 In our series, two patients had episodes of 
transient cerebra! ischemia; one episode was associated 
with paroxysmal atrial fibrillation and the other oc- 
curred 3 months after the onset of permanent atrial fi- 
brillation. Both patients were treated with oral antico- 
agulant therapy and have had no recurrence. Embolic 
complications are probably fairly common in toxo- 
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‘plasmic myocarditis because of the frequency of atrial 
fibrillation and the occurrence of left atrial dilatation, 
as noted in several of the echocardiograms. 

Atypical chest pain and pericarditis: Atypical 
chest pain with precordial heaviness is mentioned in 
several reports of toxoplasmic myocarditis.!6.? Six of 
our patients had similar. symptoms, and in two patients 
atypical chest pain was the presenting complaint. In 
some of these six patients, the pain may have been 
pericardial in origin. For example, one patient had 
several attacks of severe chest pain over 12 years that 
had been suspected but not proved to be caused by 
pericarditis; coronary angiograms were normal. In ad- 
dition, two of our patients had typical acute pericarditis 
with a loud friction rub. Viral screening tests for other 
causes of pericarditis in both patients were negative, and 
the home environment of both showed evidence of 
toxoplasmic infection. An editorial review in 1969 in- 
dicated that only five cases of toxoplasmic pericarditis 
had been reported.!? The pericarditis was part of an 
acute toxoplasmosis with high antibody titers in all five 
patients, whereas the toxoplasmic infection was chronic 
in both of our patients. 

Heart failure: Mild to moderate heart failure, often 
described as a chronic cardiomyopathy,!®!” is a fairly 
common symptom, and it occurred in three of our pa- 
tients. Cardiac catheterization disclosed left ventricular 
dilatation with generalized hypokinesia without evi- 
dence of significant coronary or valvular heart disease. 
In contrast, our only patient with acute toxoplasmosis 
had rapidly progressive heart failure, a presentation 
similar to that in the previously described case of a 30 
year old policeman who died within 2 months of the 
onset of symptoms.!? Therefore, although toxoplasmic 
myocarditis usually presents as chronic congestive 
cardiac failure, it can also cause rapidly progressive and 
even fatal heart failure. 

Aids to diagnosis: The diagnosis of toxoplasmic 
myocarditis requires the exclusion of other specific 
forms of heart disease and the establishment of evidence 
of toxoplasmosis with serologic testing. There are three 
groups of antibodies* in which the timing of peak titers 
differs: the IgM-IFA antibody, in which the peak titer 
occurs early; the cell wall antibody (SFD, CF and IFA 
tests), in which it is intermediate, and the antibody to 
soluble internal antigen (IH test), in which it is late. The 
examination of one sample for all three groups should 
determine the timing of the infection. In practice, many 
of these tests are not available (as in our series), and 
most data are acquired from serial SFD and IFA tests, 
whose results are generally in close agreement??? Our 
data demonstrate that in most cases, evidence of a 
chronic infection will be established. 

Cardiac investigations demonstrate that the elec- 
trocardiogram is rarely normal in these patients; it was 
normal in only 2 of our 18 patients. The chest X-ray film 
may show cardiomegaly or pulmonary congestion, but 
in half of our patients it was normal. Although the 
echocardiogram may disclose chamber enlargement and 
dilatation, particularly in patients with heart failure, 
in our patients with arrhythmia only, it was usually 
normal. 
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Several patients underwent exercise testing before — 
the diagnosis was established. Only one patient achieved 
his predicted work output. In one young patient, 
marked ventricular ectopic activity was not decreased 
by exercise, and in another patient, frequent multiple 
ventricular extrasystoles occurred just after exercise. 
Exercise testing is hazardous in patients with toxop- 
lasmic myocarditis because of the frequency of ar- 
rhythmias at rest and the chance of increased ventric- 
ular irritability during the test. 

Cardiac catheterization is seldom indicated, provided 
the diagnosis of cardiomyopathy can be established with | 
other methods. Coronary angiography may be required 
occasionally to clarify the nature of chest pain. 


Mode of Infection 


How is the infection acquired in the adult? The life 
cycle of toxoplasma gondii is completed in the cat, which 
is the only animal that contains the oocyst, which is 
excreted in the feces.?? Infective oocysts are found in the 
soil; snails, earthworms, flies and cockroaches may act E 
as vectors.?^4 As a result, many farm animals become 
infected when grazing and act as intermediate hosts. In 
southern Ontario, 40 percent of the cattle and pigs, 88. 
percent of the sheep and 96 percent of the goats have - 
positive titers.24 Therefore infected meat is probably 
an important source of infection in humans. Because the 
parasite is killed by heat, uncooked and rarely cooked 
meat and sausage, such as beef tartare, are an obvious 
source of infection. Unpasteurized milk, particularly 
goat's milk, may also be infected.?? However, exposure 
to cats is probably a more common source of infection = 
than meat eating or congenital spread.?6^7 

Our 18 cases confirmed these common modes of in- 
fection. Six patients had cats. Ten patients had been ` 
exposed to uncooked meat; one of these patients was 
employed as a butcher and another as a meat renderer. — 
High levels of antibodies were previously described inc 
slaughterhouse workers.?? Six patients liked uncooked = 
meat, two liked goat’s meat, and one drank goat’s milk. 
Obtaining a careful dietary history in patients with . 
unusual forms of heart disease was a useful method of 
initiating the diagnosis. Two rarer sources of infection 
were cleaning an old farmhouse and infection in utero. . 
A previous review of sources of infection of adult toxo- 
plasmic myocarditis revealed no other cases of relapsed” 
intrauterine infection.!7 

Rarer sources of infection in humans include labo- 
ratory accidents? and possibly renal transplantation.) 
A transitory increase in antibody titers may also 
sometimes follow blood transfusions,” possibly because 
of a passive transfer of antibodies.*! Passive transfer of 
antibodies occurred in utero in one of our patients. : 

Toxoplasmosis has been described frequently in 
patients receiving immunosuppressive therapy, | 
especially in malignant disease‘? and, more rarely, after - 
renal transplantation.*? In many of these patients, the 
disease is generalized, difficult to diagnose and fre- 
quently dominated by involvement of the central ner- 
vous system. Reviews of the cerebral forms of toxo- 
plasmosis demonstrate that most of the patients re 
ceived immunosuppressive therapy, whereas none of our: 
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patients with toxoplasmic myocarditis had received 
such treatment. 


Prognosis and Mortality 


The overall prognosis of toxoplasmic myocarditis is 
not well known. However, a number of fatal cases were 
reported in young people. In one series of 11 cases col- 
lected in 6 years in Chile,!5 three patients died at ages 
17, 43 and 44 years, respectively. Other fatal cases in- 
clude a 20 year old woman,”’ a 36 year old woman,? two 
men, aged 29 and 30 years?? and a 30 year old man.!? It 
would be premature to indicate a mortality rate for 
toxoplasmic myocarditis, but the reported deaths 
suggest that it is probably quite high. This relatively 
poor prognosis is emphasized by the serious symptom- 
.. atic relapses that occurred in 3 of our 18 patients despite 

_ chemotherapy. These relapses included heart failure 
and two episodes of conduction disturbances. However, 
-in another group of patients, who often present with 
supraventricular arrhythmias, including paroxysmal 


‘= and chronic atrial fibrillation, the prognosis is probably 


- good unless embolic complications are present. It is not 
: clear whether the condition of such patients can become 


<- more serious at some stage and run a more malignant 


course or whether treatment will prevent this. 


Treatment 


Sulfadiazine-pyrimethamine: In acute infections 

< in animals, both sulfadiazine** and pyrimethamine 
(Daraprim®)® are effective and interact synergistically 
with an 8-fold increase in activity.4° Unfortunately, in 
“chronically infected animals, a radical cure is often not 


<- obtained?! because the drugs are effective only against 


multiplying organisms. The disadvantages of this 
therapy are considerable because pyrimethamine, which 
is a folinie acid antagonist, must be administered in 
large doses that are almost toxic. Leukopenia, throm- 
bocytopenia, glossitis and esophagitis are frequent 
complications that respond to folinic acid and may be 
prevented by administering folic acid throughout 
treatment. A search for alternative, more tolerable 


therapy has included tests of trimethoprim-sulfur 


combinations that were successful in both experimen- 
tal*? and human? toxoplasmosis but less effective than 
the pyrimethamine-sulfadiazine combination, at least 
in the immunocompromised patient?! 

-= TTetracyclines: Tetracyclines were also tested. Di- 
methylchlortetracycline was successful in experimental 
toxoplasmosis??; in clinical studies, oxytetracycline 

- caused two clinical remissions in a patient with glan- 

-dular toxoplasmosis that was resistant to pyri- 
methamine-sulfadiazine.5? The confirmation of tetra- 
cycline as effective therapy would constitute consider- 
able progress because this agent is much less toxic than 


pyrimethamine-sulfadiazine. We used tetracycline in- 
nine patients with toxoplasmic myocarditis, including 

one patient with thrombocytopenia. A decrease in titer 

occurred in two patients; heart failure lessened in one 

patient, and the other has had no relapse of atrial fi- 

brillation. 

As demonstrated in this study, toxoplasmic myo- 
carditis is usually associated with evidence of chronic 
infection. Therefore, results of treatment may be dis- 
appointing. Of 11 patients treated in one series, the 
condition of 8 improved, but 3 died with progressive 
myocarditis.!9 Three other patients died after short- 
term administration of pyrimethamine and sulfadiaz- 
ine. 18.20 

Relapses: Our results demonstrate that patients with 
toxoplasmic myocarditis have a potentially poor and 
unpredictable prognosis, with serious relapses occurring 
after chemotherapy. The relapses are not related to the 
antibody titer and may occur at times of stable, in- 
ereasing or deereasing titers. The effect of chemother- 
apy on antibody titers is not consistent, and treatment 
with pyrimethamine and sulfadiazine is unpleasant, 
prone to complications and apparently not superior to 
treatment with tetracycline. In patients who had a re- 
lapse, a further course of treatment with tetracycline 
was given, but further relapses still occurred. These 
patients may benefit from long-term chemotherapy, as 
is required in other chronic infections with a fibrotic 
response. Other workers!9.|7?5 recommended the 
short-term use of steroids in addition to specific therapy 
intreating toxoplasmic myocarditis, on the grounds that 
it will suppress inflammation and perhaps reduce ne- 
crotic lesions that may be autoimmune phenomena and 
that it also may improve impaired conduction. We have 
had good short-term results without steroids. However, 
no definite method of preventing the chronic relapsing 
nature of the disease is now apparent; in this respect the 
disease shows interesting parallels with Chagas' disease, 
in which evidence of myocarditis persists long after the 
initial infection with South American trypanosomiasis 
and the parasite is equally difficult to recover from the 
myocardium. 

Prevention: The present treatment for toxoplasmic 
myecarditis is unsatisfactory, and alternative methods 
of managing the disease are needed. Some progress 
toward the development of a safe vaccine has been 
made, and it has been suggested that the vaccine could 
be used to protect nonimmune women in high risk areas 
and patients on immunosuppressive therapy.‘ In the 
home, improved cleanliness with cat litter, careful hand 
washing after handling uncooked meats and more 
thoreugh cooking of meat would reduce exposure to 
infection. Prevention of disease in the cat, both in the 
home and on the farm, with some form of vaccination 
is probably the most direct method of prevention. 
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The echocardiographic features of a neonate born with a persistent right 
sinus venosus valve are presented. Because surgical correction of this 
serious anomaly may be possible, the diagnosis should be made soon after 
birth. An echocardiogram suggesting a right atrial myxoma, an unlikely 
finding in a neonate, should be an important clue to the diagnosis of this 
anomaly. 


Congenital anomalies of the valve of the sinus venosus are extremely 
rare.'-* We observed in a newborn girl with this anomalv all the clinical 
features of severe obstruction of the outflow tract of the right ventricle. 
The rarity of the anomaly, coupled with its peculiar echocardiographic 
manifestations, prompted the publication of this report. 


Case Report 


An infant girl was referred at age 24 hours because of cyanosis associated with 
a cardiac murmur heard immediately after birth. Gestation and delivery had 
been uneventful. The Apgar score was 3 at i minute and 6 at 5 minutes, On ex- 
amination, no cardiorespiratory distress was noted. The infant had normal color 
at rest, but cyanosis was noted after feeding or during crying. She weighed 2.7 
kg. The respiratory and heart rates were 40 and 150/min, respectively. A grade 
3/6 systolic ejection murmur heard along the left sternal border was maximal 
at the second left intercostal space and radiated to the back. No murmur was 
heard during diastole. An electrocardiogram suggested right ventricular hy- 
pertrophy. The chest roentgenogram (Fig. 1)showed marked cardiomegaly with 
an upturned apex, compatible with enlargement of the right ventricle, and a 
prominent right border suggesting a dilated right atrium. Lung vascularity was 
decreased. A clinica! diagnosis of either Ebstein's anomaly or pulmonary atresia 
with intact ventricular septum was made. 

Echocardiographic findings: An echocardiogram was taken with an Ekoline 
20A ultrasonoscope eoupled with a Cambridge fiberoptic recorder. A 5 megahertz 
unfocused transducer was used. When the transducer was positioned at the 
fourth left intercostal space, a cloud of echoes was visible in diastole, close to the 
tricuspid valve and moving into the right ventricular cavity (Fig. 2). In the Sweep 
toward the aorta, these echoes could be followed up to the right ventricular 
outflow chamber (Fig. 3). They were clearly separated from the tricuspid valve 
itself, which had normal motility with a normal E-F slope. The time of closure 
of the tricuspid valve was not abnormally delayed over that of the mitral valve. 
During ventricular systole, these additional echoes disappeared. Septal motion 
and the mitral valve appeared normal, as did the volume of the right and left 
ventricular cavities. This echocardiogram led to the diagnosis of a tumor mass 
thought to be probably located in the right atrium at the level of the tricuspid 
valve and entering into the right ventricie during diastole. 

Hemodynamic and angiographic studies: These were carried out the next 
day and showed no tumor mass but a spinnaker-like image bulging back into 
the right atrial cavity during systole and in the right ventricle during diastole, 
causing partial obstruction of the outflow tract (Fig. 4). The pulmonary artery 
could not be catheterized. Pressure in the right ventricular cavity was moderately 
elevated (50/2-6 mm Hg). A slight peripheral arterial oxygen desaturation (80 
percent) was due to a right to left shunt at the atrial level noted in the cinean- 
giocardiogram. 


a ] 


Surgical findings and procedure: Surgery was under- 
taken in an attempt to relieve the obstruction to the blood flow 
through the right side of the heart. When the pericardium was 
opened, the external aspect of the heart appeared normal save 
for moderate enlargement of the right atrium and right ven- 
tricle. No tumor mass was felt on palpation of the heart. Cir- 
culation was arrested under deep hypothermia induced ex- 
ternally and with extracorporeal circulation. When the right 
atrium was opened, a long finger-like membranous sac was 
aspirated by the cardiac sucker. The base of this membranous 
sac was attached by four small pedicles, three at the atrial level 
and one in the right ventricle (Fig. 5A). In the atrium one 
pedicle was located at the upper part of the fossa ovalis just 
under the crista terminalis, another was in the inferior part 
of the atrium just above and to the right of the inferior vena 
cava; the third extended from immediately to the right of this 
latter pedicle to the tricuspid ring. The fourth point of at- 
tachment of this membrane was at the septal leaflet of the 
tricuspid valve extending down to its posterior chordae. This 
membranous sac measured about 5 cm from its insertion to 
its apex and extended from the right atrium at the level of the 
vena cavae to the outflow tract of the right ventricle. 

Resection was easy and complete (Fig. 5B). However, on 
rewarming, the heart became distended because of a ductus 
arteriosus that had not been previously ligated; dissection was 
complicated by technical problems necessitating a second 
period of circulatory arrest. The infant did poorly afterward 
and died after surgery. 

Postmortem examination showed no other pathologic 
features. The membrane was identified as a remnant of venous 
valve tissue obstructing outflow from the right ventricle be- 
cause of its parachute-like movement from the right atrium 
into the outflow tract of the right ventricle in atrial systole. 


Comments 


The valve of the sinus venosus at one stage of em- 
bryonic development nearly divides the right atrium 
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FIGURE 2. Echocardiogram of the right ventricular sinus showing a 
cloud of diastolic echoes (arrow) behind the anterior leaflet of the tri- 
cuspid valve. 
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FIGURE 1. Chest roentgenogram at age 24 hours. 


into two chambers.! However, it normally disappears 
early in fetal life and, although anatomic vestiges of this 
valve are not rare, they are seldom responsible for ob- 
structive lesions like the one in our case. Yater! de- 
scribed three cases in 1919, all associated with serious 
anomalies of the right ventricle and atresia or hypo- 





FIGURE 3. Echocardiogram taken at the level of the aorta showing 
abnormal echoes (arrow) appearing in the right ventricular outflow 
tract. 
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plasia of the pulmonary or tricuspid valve, or both. 
Other reported cases? have usually been associated 
with the same type of anomaly. 

To our knowledge, this is the first reported case with 
an echocardiographic study. The tracings obtained were 
suggestive of a myxoma of the right atrium. The few 
reported cases?-? of right atrial myxoma have in com- 
mon the echocardiographic finding of a cloud of echoes 
penetrating the right ventricle during diastole, exactly 
as in our case. Some reported cases? also showed an 
increase in right ventricular dimension with paradoxical 
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FIGURE 4. Angiocardiograms and corresponding di- 
agrams. A, of the right ventricle, showing bulging of the 
membrane (M) in the right atrium during systole. B, of the 
right atrium, where the membrane is seen ballooning up 
to the right ventricular outflow tract during right ventricular 
diastole. P.A. — pulmonary artery; R.V. — right ventricle; 
T.V. = tricuspid valve. 


septal motion, probably secondary to tricuspid insuf- 
ficiency and volume overload of the right ventricle. This 
finding was not present in our case. In addition, the 
extreme rarity of right atrial myxoma in infants!? should 
help establish the diagnosis. 

Because surgical correction of this serious anomaly 
may be possible, the diagnosis should be made soon 
after birth. The peculiar features in the echocardiogram 
suggesting a right atrial myxoma, a very unlikely diag- 
nosis in infants, should be of value in the future evalu- 
ation and treatment of patients with this condition. 
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FIGURE 5. A, diagram of heart at operation showing the anomalous venous valve in situ. B, photograph of membrane removed at operation. Ao = 
aorta; CS = coronary sinus; FO = foramen ovale; IVC = inferior vena cava: MS = muscular septum; PT = pulmonary trunk; SVC = superior vena 


cava; TV = tricuspid valve. 
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Anatomically diagnostic echocardiographic features of a supracristal 
ventricular septal defect with prolapsed right coronary aortic leaflet are 
described in four children aged 2 to 10 years. Both single crystal M mode 
as well as 80° phased array sector scan techniques were used. The 
echographic features in the M mode scan from the aorta to the left ven- 
tricle in three of four patients included (1) the position of the ventricular 
septal defect as a clear space between the interrupted septal echoes 
below the aortic root, and (2) the prolapsed right coronary aortic leaflet 
as anomalous linear echoes in the right ventricular outflow tract. Angio- 
graphic, intraoperative and echocardiographic contrast studies were used 
to establish the diagnosis. 

On sector scanning using the long axis view, the supracristal ventricular 
Septal defect was recognized as a clear space between the top of the 
ventricular septum and the anterior segment of the aortic root in three of 
four patients. The right coronary aortic leaflet was seen to prolapse into 
the right ventricular outflow tract through this defect, and its motion could 
be clearly followed during systole and diastole. It is concluded that 
echocardiography provides anatomic diagnosis of this lesion. Furthermore, 
the severity and progression of this lesion can be assessed by quantitation 
of the left ventricular size and performance. 


Aortic insufficiency resulting from prolapsed aortic valve leaflets through 
a ventricular septal defect occurs in 3 to 5.5 percent of all children with 
a ventricular septal defect.! The location of à ventricular septal defect 
may be infracristal (subaortic) or supracristal (subpulmonary).? A su- 
pracristal ventricular septal defect is almost always associated with 
prolapse of the right coronary aortic leaflet alone,’ whereas in a subcristal 
variety either the right or the noncoronary leaflet is involved. This is 
an important lesion to diagnose early because its progressive nature 
results in increasingly severe aortic insufficiency and patients with this 
type of defect have a greater susceptibility to bacterial endocarditis than 
patients with a simple ventricular septal defect. Anatomically diagnostic 
echocardiographie features of supracristal ventricular septal defect with 
prolapsed aortic valve have not previously been described. 

The direct anatomic echocardiographic feature of a ventricular septal 
defect in a single crystal M mode sean is the presence of a clear space 
between interrupted interventricular septal echoes at the subaortic re- 
gion. However, this sign is usually absent in the majority of patients with 
the most common type of ventricular septal defect, membranous. Re- 
cently, the presence of coarse vibrations in the pulmonary valve echo- 
gram was reported to be suggestive of a supracristal ventricular septal 
defect.^ This sign is nonspecific, and we have found it difficult to separate 
these pulmonary valve vibrations from those observed in various other 
lesions with increased pulmonary blood flow. 

This report concerns the diagnostic echocardiographic features of 
prolapsed aortic valve associated with a supracristal ventricular 
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.TABLE | 


Hemodynamic and Echocardiographic Data on Four Patients With a 
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Supracristal Ventricular Septal Defect 














Echocardiographic Data Catheterization Data 

Case Age LVED EF VCf Ao LA Pressure (mm Hg) VSD 

no. (yr) BSA (cm) (%) (circ/sec) (cm) (cm) LVP Ao PA RV Qp/Qs Site 

1 9 1-12 4.8 77 1.24 3.9 2.3 95/14 95/45 26/8 36/— 1.8 SC 
126* 195* 100* (70) (16) 

2 2 0.56 3.9 63 1.23 1.8 2.0 105/12 105/50 18/9 25/4 1.8 SC 
115* 106* 91* (80) (14) 

3 10 0.80 4.2 68 1.24 3.0 2.1 105/9 105/80 18/10 26/5 1.4 SC 
q40*t 150* 91* (90) (14) 

4 4.5 0.35 4.8 67 1.12 2.3 2.4 118/— 108/45 29/12 68/7 1.8 SC 

141* 135* 109* 





* Percent of normal control values. 

Figures in parentheses indicate mean values. 

Ao = aorta; 
minor axis dimension; LVP = left ventricular pressure; PA 


BSA = body surface area; circ = circumferences; EF = ejection fraction; LA 
= pulmonary artery; Qp/Qs = ratio of pulmonary blood flow to systemic blood flow; RV» 


= left atrium; LVED = left ventricular end-diastolic 


— right ventricular body; SC — supracristal; VCf — velocity of circumferential fiber shortening. 


septal defect as observed with echocardiography in 
both the M mode singlecrystalandthereal timephased 
array sector scanner techniques. 


Material and Methods 


Patients: Four patients, aged 2 to 10 years, with evidence 
of a supracristal ventricular septal defect were studied. The 
appearance of a murmur of aortic insufficiency suggested the 
presence of prolapsed aortic valve, and this diagnosis was 
confirmed at cardiac catheterization and, later, at operation 
in all four patients (Table I). 

Echocardiography: Echocardiographic examination of 
the aortic root and the left ventricle was made in all four pa- 
tients using a single crystal (2.25 and 3.5 megahertz) M mode 
Smith-Kline Ekoline echocardiograph coupled with an 1856 
Honeywell strip chart recorder. Multiple scans from the aorta 
to the left ventricle were obtained from the second to the 
fourth intercostal space using standard sweep techniques. 
During cardiac catheterization in one child (Case 1), echo- 
cardiographic contrast studies were performed by injecting 
several 5 ml bolus doses of dextrose into the left ventricle. The 
position of the ventricular septal defect and prolapsed aortic 
leaflets was thus defined in the M mode echocardiogram. 

Three patients (Cases 2 to 4) were additionally studied 
using real time, phased array 80° sector scanner (Varian As- 
sociates). A 2.25 megahertz transducer was used with an active 
area of 1.2 to 1.3 cm. Long axis, transverse, apical and subxi- 
phoid views were studied.9? The sector image was displayed 
on an x-y oscilloscopic screen at 30 frames/sec, and single 
frame photographs were subsequently obtained from a si- 
multaneously recorded videotape. 


Results 


Hemodynamic and angiocardiographic findings: 
The echocardiographic and hemodynamic data of these 
four patients are presented in Table I. A small peak 
systolic pressure gradient (less than 10 mm Hg) was 
noted across the right ventricular outflow tract in three 
patients, and a moderate pressure gradient was present 
in the right ventricular body in the fourth. The ven- 
tricular septal defect on angiography was observed to 
be supracristal in all, and the right coronary aortic 
leaflet was also observed to be prolapsed into the right 
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ventricular outflow tract, appearing as a small rounded 
mass at that site in three patients (Fig. 1). This pro- 
lapsed leaflet was responsible for the pressure differ- 
ences observed across the outflow tract. In Case 4 the 
extent of the prolapse of the right coronary leaflet was 
slight, and the right ventricular mid cavity obstruction 
was due to a hypertrophied anomalous muscle bundle. 
The angiographic findings indicated that the aortic 
insufficiency was mild in Cases 2 and 3 and moderate 
in Cases 1 and 4 (Table I). 





FIGURE 1. Case 2. Aortogram, lateral view. Prolapse of the right cor- 
onary aortic leaflet (RCL) is seen in late diastole as a rounded mass in 
the right ventricular outflow tract (RVo). Opacification of the outflow 
tract occurs through the supracristal ventricular septal defect. There 
is aortic (AO) regurgitation into the left ventricle (LV) through the left 
(LCL) and noncoronary (NCL) leaflets. The arrow and dotted line rep- 
resent the echocardiographic beam projection used to visualize the 
aortic root-left ventricular outflow tract in the M mode echocardiographic 
sweep. 


855 


ECHOCARDIOGRAM IN SUPRACRISTAL SEPTAL DEFECT—AZIZ ET AL. 





M mode single crystal echocardiography: In three 
patients (Cases 1, 3 and 4) this procedure showed the 
ventricular septal defect as an open space between the 
interrupted interventricular septal echoes at the sub- 
aortic region (Fig. 2). In one patient (Case 2), the scan 
from the aorta to the left ventricle was inadequate for 
analysis because of technical reasons. The aortic root 
echo contained the usual anterior and posterior leaflet 
complexes showing normal separation during systole 
and closure during diastole. A third aortic leaflet was 
observed to have prolapsed into the right ventricular 
outflow tract and was seen as a linear echo. A scan from 
the aortic root to the left ventricle showed that the 
anomalous echoes due to the prolapsed right coronary 
leaflet in the right ventricular outflow tract were distinct 
from those produced by the anterior aortic root (Fig. 3). 


motion of the right coronary aortic leaflet starting from within the aortic root 





FIGURE 2. Case 1. Echocardiogram. 
The prolapsing right coronary aortic 
leaflet (RCL) is seen as a linear echo in 
the right ventricular outflow tract (RVo) 
and shows a distinct diastolic closure 
(arrow) similar to that of the left coro- 
nary aortic leaflet (LCL) within the aortic 
root (AO). The supracristal ventricular 
septal defect (D) is represented by the 
clear space interrupting the septal 
echoes (S). Note an initial sharp ante- 
rior motion of the right coronary aortic 
leaflet during early systole with further 
anterior displacement during diastole. 
LA = left atrium. 


The anomalous echo was seen to move anteriorly from 
the edge of the ventricular septal defect after the QRS 
complex of the electrocardiogram and returned sharply 
toward the ventricular septal defect at end-diastole. The 
motion of this echo was progressively anterior during 
early systole with a gentle plateau in mid systole and 
further anterior motion during diastole. A distinct di- 
astolic closure motion was observed on this anomalous 
echo in the right ventricular outflow tract simultaneous 
with the diastolic closure motion of the other leaflets 
within the aortic root, confirming the identity of this 
leaflet as a part of the aortic valve apparatus (Fig. 2, 4 
and 5). Angiographic studies in each patient identified 
the prolapsed leaflet as the right coronary leaflet. 
Echocardiographic contrast study: In Case 1 this 
procedure confirmed the open space between the in- 





= . — —= wem Je abe 
FIGURE 3. Case 3. Left, a scan from the aortic root (AO) to the left ventricular outflow tract (LVo). The right coronary aortic leaflet prolapsing into the 
left ventricular outflow tract (RVo) (arrows) is clearly a separate structure from the anterior segment of the aortic (AO) root (asterisk). Initial sharp 


(first arrow) through the ventricular septal defect (D) is seen (second 


and third arrows). Right, an enlarged view of this area. LA = left atrium; LCL = left coronary leaflet; S — septum. 
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FIGURE 4. Case 1. Echocardiogram 
illustrating the right ventricular outflow 
tract (RVo) at the approximate level of 
the transducer trajectory (see Fig. 1). 
Five percent dextrose injection into the 
aortic root (AO) resulted in opacification 
of the right ventricular outflow tract 
(right side of figure). Note the prolapsed 
right coronary aortic leaflet (RCL) dis- 
tinguished by the diastolic closure 
motion (arrows); the left coronary 
leaflet (LCL) is seen within the aortic 
root. The echographic contrast material 
initially opacifies the aortic root and 
through the ventricular septal defect 
clearly delineates the right coronary 
aortic leaflet in the right ventricular 
outflow tract. S — septum. 


terrupted septal echoes as a ventricular septal defect 
(Fig. 4). The contrast material injected into the aortic 
root was seen to opacify this space and to fill the right 
ventricular outflow tract. It initially coursed along the 
left ventricular surface of a linear echo in the right 
ventricular outflow tract delineating the position of the 
prolapsed right coronary cusp. Because the site of right 
coronary aortic leaflet prolapse is immediately distal to 
the anterior aortic root segment, careful scanning from 
the aortic root to the left ventricle is mandatory so that 
the anterior segment of the aortic root echoes is clearly 
separated from echoes due to a prolapsed right coronary 
aortic leaflet. 

The distinctive echocardiographic features of a 
prolapsed right coronary aortic leaflet are: (1) location 
in the right ventricular outflow tract, anterior to the 
clear space (ventricular septal defect) between the in- 
terrupted septal echoes immediately below the aortic 
root; (2) sharp anterior motion through the ventricular 
septal defect in early systole; and (3) a diastolic closure 
notch similar in time to the aortic leaflets within the 
aortic root. 


FIGURE 5. Echocardiogram from an addi- 
tional patient with supracristal ventricular 
septal defect (not included in the study 
group) shows the position of the prolapsed 
right coronary leaflet (RCL) in the right 
ventricular outflow tract (RVo). A distinctive 
diastolic closure motion (arrow) on this 
leaflet occurs simultaneously with that on 
the left coronary leaflet (LCL) within the 
aortic root (AO), which confirms the identity 
of this echo as part of the aortic valve ap- 
paratus. RVw = right ventricular wall; S = 
septum. 
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Phased array sector scanning: The long axis view 
of the left ventricle in the phased array sector scan in 
three patients (Cases 2 to 4) showed a defect between 
the top of the ventricular septum and the anterior seg- 
ment of the root of aorta, which was slightly more 
craniad than the posterior segment (Fig. 6). This defect 
was located at the site normally occupied by the conal 
segment of the crista supraventricularis. 'The anterior 
aortic leaflet was seen to prolapse anteriorly and infe- 
riorly from inside the aortic root through this defect into 
the right ventricular outflow tract. This leaflet was 
completely mobile during different phases of the cardiac 
cycle in two patients (Cases 1 and 3), and in the third 
patient (Case 4) the leaflet, although prolapsing ante- 
riorly, was more inferiorly displaced and was somewhat 
restricted in its motion. The motion and position of the 
other aortic leaflets were normal. 

Cardiac chamber and great vessel dimensions 
and ventricular function measurements: These data 
were derived from M mode echocardiograms and the 
values compared with published control values.? The 
aortic root was enlarged in three patients (Cases 1, 3, 
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FIGURE 6. Case 3. Long axis views of 80? sector scan of aorta (AO) and left ventricular (LV) outflow tract during different pheses of the cardiac cycle. 
A, the ventricular septal defect (D) is located between the anterior segment of the aortic root (R) and the septum (S). The right coronary leaflet (white 
arrows) is seen prolapsing across the defect into the right ventricular outflow tract (RV) in late diastole. The mitral valve (MV) is completely open. 
B, marked degree of prolapse in mid diastole. C, mild degree of prolapse in early systole. The other two leaflets are faintly seen within the aortic 
root. LA = left atrium. 
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FIGURE 7. Additional case not 
included in this study. Top, M mode 
scan of aorta (AO) to the left ven- 
tricular outflow tract (LVO) shows 
the prolapsed right coronary leaflet 
(RCL) (arrow) immediately below 
the aortic root. Left coronary (LCL) 
and noncoronary (NCL) leaflets are 
located within the aortic root as in 
normal subjects. MV = mitral valve; 
S = septum. Bottom, lateral view 
cineangiogram of aorta (left) and left 
ventricle (LV) (right) during systole. 
An early stage of the prolapse of the 
right coronary leaflet into the right 
ventricular outflow tract (RV) is 
shown. The contrast material is 
shunting into the right ventricular 
outflow tract through a ventricular 
septal defect (arrow) that is partially 
occluded by the right coronary 
leaflet. 
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- and 4). The left ventricular size was increased in two 
patients (Cases 1 and 4) whose angiograms indicated 
moderate aortic insufficiency. The left ventricular 
ejection fraction and circumferential fiber shortening 
velocity were within normal limits of all four pa- 
tients. 


Discussion 


Our study shows that single crystal M mode echo- 
cardiography can help identify the anatomic location 
of the supracristal ventricular septal defect as a space 
between the interrupted septal echoes in the subaortic 
region. The echocardiogram revealed two leaflets within 
the aortic root, an anterior and a posterior one, showing 
normal opening and closure movements during the 
cardiac cycle. The third leaflet, identified angiograph- 
ically and intraoperatively as a right coronary leaflet, 
was seen to have prolapsed into the right ventricular 
outflow tract and appeared as a linear echo. These ob- 
servations suggest that normally the aortic root echo- 
cardiogram displays the left and noncoronary leaflets 
and not the right and noncoronary leaflets as has been 
suggested.?.10 

'The supracristal type of ventricular septal defect 
results from deficiency of conal tissue. Thus the ven- 
tricular septal defect permits communication between 
the anterior part of the aortic root and the right ven- 
tricular outflow tract below the pulmonary valve. Be- 
cause normally this tissue provides mechanical support 
to the right coronary aortic leaflet, this leaflet prolapses 
and hangs inferiorly and anteriorly into the right ven- 
tricular outflow tract and may cause systolic pressure 
differences between the right ventricle and pulmonary 
artery. 

Patterns of motion of the prolapsed aortic leaflet: 
The patterns of motion observed in our echocardio- 
graphic study are consistent with those described by 
Tatsuno et al.!! from angiographic data. The left to right 
shunt through the ventricular septal defect initiates the 
prolapse during early systole. During mid systole, the 
leaflet motion stabilizes and there is anterior displace- 
ment of the anterior aortic root. During diastole, further 
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progression of the prolapse occurs as a result of the di- 
astolic aortic pressure. This latter motion produces 
separation of the prolapsed cusps from the other leaflets 
and results in aortic insufficiency. The anterior motion 
of the observed anomalous echo representing the pro- 
lapsed right coronary cusp in our patients followed these 
expected patterns of motion during the cardiac cycle. 

Diagnostic value of echocardiography: Sector 
scanning provides a unique view of the movements of 
the prolapsed cusp so that the degree of mobility can be 
assessed. Because a fixed leaflet would be expected to 
produce greater aortic insufficiency,!! selection of pa- 
tients for early corrective surgery can thus be made from 
the echocardiographic examination. Furthermore, 
echocardiography provides not only an anatomic diag- 
nosis of this lesion, but also a quantitative assessment 
of left ventricular size and function. 

Our study group did not include patients with a 
subcristal ventricular septal defect and a prolapsed 
aortic leaflet. However, some anatomic features of this 
type of defect—that is, partial deficiency of the crista 
supraventricularis and congenital weakness of the sinus 
of Valsalva—are similar to the supracristal variety. 
Echocardiographically, the prolapsed aortic leaflet 
would be expected to be lower in the right ventricular 
outflow tract and the ventricular septal defect some- 
what more caudal in location than the supracristal type. 
'Thus, combined single crystal and sector scan echo- 
cardiography may also prove to be of diagnostic value 
in patients with a subcristal ventricular septal defect. 

Clinical implications: Echocardiography reveals 
anatomically diagnostic features of a supracristal ven- 
tricular septal defect with a prolapsed aortic valve and 
permits noninvasive longitudinal assessment of factors 
such as left ventricular function, degree of valve pro- 
lapse and mobility and severity of aortic insufficiency. 
Since submission of this manuscript we used M mode 
echocardiography to diagnose two additional cases of 
supracristal ventricular septal defect and prolapsed 
right coronary aortic leaflet in its early stage (Fig. 6 and 
7, top). Aortic regurgitation was not present in either 
case. Angiography confirmed the diagnosis in both pa- 
tients (Fig. 7, bottom). 
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To assess the problem of continuing propranolol therapy in a breast- 
feeding mother, studies were performed to determine simultaneously 
plasma and breast milk concentrations of propranolol after single dose 
(40 mg) and continuous dose (40 mg 4 times daily) treatment with this 
drug. Breast milk and plasma concentrations of propranolol peaked be- 
tween 2 and 3 hours after dosing. Propranolol concentrations in breast 
milk were less than 40 and 64 percent, respectively, of peak plasma 
propranolol concentrations after single dose and continuous dose ad- 
ministration. It was estimated that the maximal cumulative propranolol 
load to this breast-feeding infant, consuming 500 ml of whole milk, when 
the mother received 40 mg of Propranolol 4 times daily would be 21 4g/24 
hours. This dose is considerably less than the usual therapeutic dose of 
propranolol for infants. 


There are limited published data to assist the physician deciding whether 
to continue propranolol therapy in a breast-feeding mother. The current 
widespread use of propranolol and its recognized toxic manifestations 
of respiratory depression, hypoglycemia and bradycardia in neonates 
make this an important clinical question.!-? 

To provide further information on propranolol concentrations in 
breast milk and their relation to plasma concentrations we measured 
these concentrations simultaneously in a hypertensive postpartum 
woman after single dose (40 mg) and continuous dose (40 mg 4 times 
daily) propranolol therapy. 


Methods 


Patient and protocol: A 30 year old white postpartum woman, suffering from 
palpitations (unifocal ventricular premature beats) and hypertension, agreed 
to participate in the study. She had been treated for these conditions with a di- 
uretic drug (Dyazide®) and propranolol for 2 years. During her pregnancy, di- 
uretic therapy was discontinued; 24 hours before delivery propranolol (40 mg 
4 times daily) was discontinued. The study was approved by the University of 
Missouri Committee for Research Involving Human Subjects and the patient 
gave informed consent. 

The patient gave birth to a normal 2.7 kg male infant on January 10, 1978 and 
began breast-feeding. Diuretic therapy was resumed on February 3, but her blood 
pressure and palpitations were inadequately controlled. On February 23 and 
28, she underwent studies to determine plasma and breast milk concentrations 
of propranolol before and at 1 hour intervals after ingesting 40 mg of propranolol 
in a single dose. On each occasion, breast-feeding was discontinued for 12 hours 
after the administration of propranolol. On March 4, she began taking pro- 
pranolol, 40 mg 4 times daily, continuously without curtailment of breast-feeding. 
On March 6, a study was performed to determine plasma and breast milk con- 
centrations of propranolol in the mother. After these studies, the propranolol 
dosage was increased to 240 mg/day. After 30 days, a pre-dose and a 3 hour 
post-dose breast milk sample was obtained for quantitation of propranolol 
concentration. 
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Sample collection and analysis: Whole blood samples (10 
ml) were obtained from a forearm vein using a heparinized 
glass syringe. Plasma was separated from the red cells by 
centrifugation and was frozen until analysis. The breasts were 
emptied of milk (approximately 5 ml after the initial sample) 
at each sampling period. Breast milk samples were pooled to 
provide a representative sampling from both breasts and were 
frozen until analysis. 

Plasma and breast milk concentrations of propranolol 
were determined by a modification of the method of Shand 
et al.4 Samples were made alkaline, and the propranolol was 
extracted into a mixture of 2 percent isoamy! alcohol in n- 
heptane. The propranolol was then partitioned from the or- 
ganic phase into 0.1 N hydrochloric acid. This acidic phase was 
analyzed spectrofluorometrically, and propranolol concen- 
tration was determined from a standard curve prepared by 
the extraction of aqueous standards of propranolol hydro- 
chloride. 


Results 

Single dose propranolol: Plasma and breast milk con- 
centrations of propranolol after the administration of a single 
40 mg test dose of propranolol are shown in Table I. Both 
plasma and breast milk concentrations of propranolol peaked 
between 2. and 3 hours after administration of propranolol. 
Breast milk concentrations were less than 40 percent of peak 
plasma propranolol concentrations. 

Continuous dose propranolol: Plasma and breast milk 
propranolol concentrations after the continuous adminis- 
tration of propranolol, 40 mg 4 times daily, are shown in Figure 
1. Plasma and breast milk concentrations peaked 3 hours after 
dosing, and the peak breast milk concentration was 64 percent 
of the corresponding plasma concentration. There were equal 
concentrations of propranolol in plasma and breast milk 8 
hours after the last dose of 40 mg (0 hours). After a 30 day 
regimen of 240 mg/day propranolol, the pre-dose and 3 hour 
post-dose propranolol concentrations in breast milk were 26 
and 64 ng/ml, respectively. No symptoms or signs of respira- 
tory depression, hypoglycemia or bradycardia were observed 
in the infant throughout the periods of propranolol adminis- 
tration to the mother. 


Discussion 


The administration of any drug to a lactating woman 
is potentially hazardous to the breast-feeding infant, 
especially if toxic concentrations are ingested. The 
benefits of breast-feeding to both mother and infant are 
well recognized.> There has been a lack of accurate 
knowledge concerning whole milk concentrations of 
propranolol in lactating women receiving propranolol 
therapy. Indeed, misinformation has been published. 
It was reported’ in 1973 that a maximal dose of 15 to 20 
mg of propranolol/day could be ingested by a nursing 
infant from a mother receiving a 40 mg oral dose. 
However, the propranolol concentration units reported 
were in error (they should have been 15 to 20 ug/24 
hours), and the retraction was not published until 
1976.8 

To our knowledge, the only published data on pro- 
pranolol therapy in breast-feeding mothers are in a 
letter to the editor by Karlberg et al.? In their study, two 
nursing mothers received propranolol in single oral 
doses ranging from 20 to 160 mg, at intervals of several 
days. The concentration of total propranolol in the 
plasma and in breast milk was estimated over a period 
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TABLE 1 
Propranolol Concentration (ng/ml) in Breast Milk and 
Plasma After Single Dose Therapy 








2/23/78 2/28/78 
Breast Breast 
Time* Milk Plasma Milk Plasma 
0 0 0 0 0 
1 0 7 0 0 
2 4 18 8 17 
3 4 17 9 23 
4 4 16 9 19 
5 DE-A 13 4 12 





* Hours after administration of a singile dose of propranolol (40 
mg). 


of 3 hours. Propranolol was found to penetrate into the 
breast milk in a dose-dependent manner. The milk to 
plasma ratio was reported to be approximately 1. 

In our study, propranolol concentrations in plasma 
and breast milk obtained after single dose and contin- 
uous dose drug regimens suggest a plasma to breast milk 
concentration ratio of 2.5:1 and 1.5:1, respectively. The 
elimination of propranolol after peak drug concentra- - 
tions does not suggest preferential storage or elimina- 
tion of propranolol by way of the breast. Increased 
concentrations of propranolol in breast milk after the — 
30 day dosage regimen (240 mg/day) were expected. In^ 
addition to a dose-dependent relation between pro- 
pranolol ingestion (mg/kg) and plasma concentration, 
the long-term administration of propranolol has beer 
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FIGURE 1. Propranolol concentrations in plasma and breast milk after : : 
continuous dose administration (40 mg 4 times daily)- 
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shown to result in increased plasma concentrations and 


-a longer elimination half-life? 
"C herapeutie implications: Using the peak pro- 


. _pranolol concentration after dosage at 160 mg/day (42 
ng/ml of propranolol in breast milk) and assuming that 


- “the infant's total ingestion will not exceed 500 ml/day 


- (usual infant milk ingestion 100 to 150 ml/kg per day), 
|| the maximal cumulative propranolol load would be 21 
5t ug/24 hours. Using the peak propranolol concentration 


- . after dosage at 240 mg/day for 30 days (64 ng/ml pro- 
- pranolol in breast milk), the maximal cumulative pro- 


-.. pranolol load would be 32 ug/24 hours. Assuming 100 
| percent bioavailability and a 4 kg infant, this latter dose 
- would represent a dietary intake equivalent to 8 ug/kg 
* body weight. 
- v Currently, therapeutic dosage of propranolol for in- 
-fants and small children has not been established. 
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Recommended dosages have ranged from 0.2 to 0.5. 
mg/kg per day!! to 0.5 to 2.0 mg/kg per day.!? The 
dosage ingested by the breast-feeding infant would 
therefore be approximately 1/100 of that used for 
therapeutic purposes. However, hepatic microsomal 
enzyme systems responsible for metabolism are im- 
mature in newborn infants, and an accumulation of this 
drug might be expected to be beyond that anticipated 
in older patients.!? Therefore, close observations for 
bradycardia or evidence of hypoglvcemia should be 
carried out in these nursing infants. 
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In this issue of the Journal, Gomes and co-workers! 
present evidence suggesting that some patients with 

“apparent atrioventricular (A-V) nodal reentrant par- 
oxysmal tachycardia in fact possess an accessory path- 
way utilized for retrograde conduction. They hypoth- 
esize that this pathway bypasses all or part of the A-V 
node. They suppert their conclusion by noting that 
retrograde conduction in some patients with apparent 
A-V nodal reentry is not A-V nodal-like in quality, in 
regard to pacing and ouabain responses. In this editorial, 
we present our thoughts concerning retrograde con- 
duction in patients with A-V nodal reentrant paroxy- 
somal tachycardia. 


Dual A-V Nodal Pathways 


A-V nodal reentrance appears to be the most common 
mechanism of paroxysmal supraventricular tachycardia 
in human beings.?-!? In the majority of patients with 
A-V nodal reentry, studies utilizing atrial stimulation 
suggest the presence of two functional anterograde A-V 
nodal pathways, one fast. and one slow (this diagnosis 
depends on demonstration of discontinuous conduction 
curves with the atrial extrastimulus technique). 
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It has-been hypothesized that A-V nodal reentrant 
paroxysmal tachycardia in these patients usually re- 
flects the presence of such dual A-V nodal pathways. _ 
Induction of paroxysmal tachycardia usually reflects 
anterograde failure of the fast A-V nodal pathway with 
resultant anterograde slow pathway conduction. The . 
pathway that failed to conduct anterograde then ap- 
pears to be utilized for retrograde conduction, so that __ 
circus movement reentrant tachycardia results. The 
components of the circus movement appear to be the _ 
slow A-V nodal pathway as the anterograde limb and. | 
the fast A-V nodal pathway as the retrograde limb. Both 
proximal and distal common pathways appear to be 
intranodal.!! In a less common type of A-V nodal . 
reentrant paroxysmal tachycardia, the fast pathway is — 
the anterograde limb and the slow pathway the retrò- 
grade limb.!” cum 

It is reasonably well substantiated that the fast an= 
terograde pathway in these patients is A-V nodal, in. 
that the A-H interval of the fast pathway increases with 
shortening of the atrial paced cycle length, and that 
refractoriness of the fast pathway is increased by 
shortening of cycle length and also by administration 
of digitalis and propranolol.^? Conversely, the con- 
duction time and refractory periods of the anterograde. 
fast pathway are decreased by atropine.!? The antero- | 
grade slow pathway possesses electrophysiologic 
properties that are almost identical to those of the an- 
terograde fast pathway, so that it also is an A-V nodal - 
pathway 2-512 : 

Gomes et al.! imply that a substantial number of 
patients with A-V nodal reentrant paroxysmal tach: 
cardia have in fact a third and different. pathway that 
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conducts in retrograde fashion. One could then ask, (1) 
Is this third pathway specifically associated with the 
presence of dual anterograde pathways, or (2) does it 
.. occur in many patients with and without dual A-V nodal 
pathways? 

If the answer to the first question is yes, then there 
should be a substantial number of patients with dual 
A-V nodal pathways who are capable of having at least 
two paroxysmal tachycardias, one tachycardia charac- 
terized by anterograde fast pathway conduction (and 
the third pathway for retrograde conduction) and one 
tachycardia characterized by anterograde slow pathway 
conduction (and the third pathway for retrograde con- 

duction}. This type of phenomenon has been noted in 


patients with dual anterograde A-V nodal pathways and 


Wolff-Parkinson-White syndrome, who have manifest 
ability for two A-V reentrant tachycardias (anterograde 
- fast and retrograde Kent pathways as well as antero- 
grade slow and retrograde Kent pathways).!4 If the 
answer to the second question is yes, then there should 
- be a substantial number of patients with paroxysmal 
< supraventricular tachycardia with circus movement 


-consisting of the normal A-V node as the anterograde 


limb and the tract described by Gomes et al. as the 
z^ retrograde limb. In our experience, there is not such a 
>, large group. Reports?'!? available thus far suggest that 
approximately 10 to 20 percent of paroxysmal supra- 
-ventricular tachycardias reflect the presence of con- 
^ Ceealed Kent bundles with retrograde conduction (A-V 
muscle bundles with retrograde conduction). However, 
these concealed pathways have specific conduction 
properties that are different from those proposed by 
Gomes et al. 


Properties of the Retrograde Pathway 


If one examines the properties of the retrograde 
pathway in patients with apparent A-V nodal reentry 
due to dual A-V nodal pathways, one delineates a 
number of surprising and some not so surprising prop- 
erties. The following observations can be made con- 
cerning the retrograde properties of the fast pathway 
in patients with dual A-V nodal pathways and A-V 
nodal reentry: (1) There is frequently either no or only 
a minimal increment in ventrieuloatrial conduction time 
or His bundle-atrial conduction time when one studies 
these patients with incremental ventricular pac- 
ing. 15-17 In most of the patients, a ventricular paced 
rate can be achieved at which ventriculoatrial block is 
demonstrated (usually type I, although type II or 2:1 
~ block is sometimes noted). (2) A similar lack of increase 
in the V-A or the H-A interval is often noted with ven- 
“tricular extrastimulus testing.!?.!5-!? (3) Ventricular 
extrastimulus testing demonstrates that at close cou- 
pling intervals, in many of these patients, as the V-H 
interval increases, the H-A interval increases simulta- 
neously, suggesting that the His bundle and the low 
septal right atrium are in series (ruling out an extra- 
- nodal anomalous pathway). (4) The H-A interval during 
paroxysmal supraventricular tachycardia or during 
ventricular pacing is relatively short. (5) Ouabain has 
little or no depressant action on the retrograde fast 
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pathway.'® (6) Procainamide selectively depresses. 
retrograde fast pathway conduction.!? (7) Atropine fa- 
cilitates retrograde fast pathway conduction.!? 

Thus, the fast pathway with retrograde conduction 
is Purkinje-like in many of its properties. However, it 
is quite clear, because of atropine responsiveness, that 
at least part of this pathway is A- V nodal. One expla- 
nation for the unusual properties of this pathway is that 
it may be anatomically a different pathway from the fast 
pathway, conducting anterograde and that there may 
be three pathways. Although this may turn out to be the 
case, we prefer another explanation for reasons eluci- 
dated in the preceding discussion of the hypothesis of 
Gomes et al.! We thus postulate that there is a major 
asymmetry in A-V nodal conduction and that antero- 
grade fast pathway conduction and retrograde fast 
pathway conduction are different because of the ge- 
ometry of these pathways. There is certainly precedent 
in electrophysiology for asymmetry of anterograde and 
retrograde conduction in a single pathway. A good ex- 
ample of this is the demonstration of concealed Kent 
bundles that are capable of conducting only in a retro- 
grade direction. The cause of the functional asymmetry 
of the fast A-V nodal pathway might well reside in the 
difference of input in anterograde as opposed to retro- 
grade conduction.?9-7? In anterograde conduction, the 
input to the A-V node is by way of atrial approaches, 
which may consist of atrial cells with somewhat A-V 
nodal-like properties.*? The retrograde input into the 
A-V node is quite different, occurring primarily from 
the rapidly conducting His bundle. It is quite possible 
that the difference in velocity of input (anterograde 
versus retrograde) might affect the conducting prop- 
erties of the A-V node and its pharmacologic re- 
sponses. 

It is the behavior of the anterograde slow and retro- 
grade fast pathway that determines whether a given 
patient is capable of having A-V nodal reentrant par- 
oxysmal tachycardia. 'The difference between the pa- 
tients with a dual pathway who can and cannot have 
parexysmal supraventricular tachycardia resides in 
quantifiable anterograde slow pathway and retrograde 
fast pathway properties.!6 These conduction properties 
are easily determined utilizing rapid atrial incremental 
and rapid ventricular incremental pacing. If a patient 
with dual A-V nodal pathways cannot sustain parox- 
ysmal tachycardia, this inability reflects inadequate 
conduction in either the anterograde or retrograde limb 
of the cireus movement.!“'6 Inadequate conduction in 
either the anterograde slow or retrograde fast pathway 
can sometimes be reversed with atropine, which may 
thus facilitate demonstration of A-V nodal reentrant 
paroxysmal tachycardia. 


Therapeutic implications 


When attempting to define effective prophylactic 
therapy for prevention of recurrent paroxysmal A-V 
nodal reentrant tachycardia, a knowledge of the phar- 
macology and properties of anterograde slow and ret- 
rograde fast pathways is of value. In some patients, 
tachycardias may be prevented by depression of the 





anterograde slow pathway, so that this pathway cannot 
serve as the anterograde limb for repetitive reentry. 
Drugs that may depress the anterograde slow pathway 
include digitalis, propranolol and verapamil.*4-!824 Loss 
of the ability to sustain paroxysmal tachcardia due to 
these drugs will be accompanied by demonstration of 
an increase in the atrial paced cycle length producing 
A-V nodal (slow pathway) Wenckebach periodicity to 
a cycle length greater than the cycle length of sponta- 
neously occurring tachycardia.!*!9 In some patients, 
tachycardias may be prevented by depression of retro- 
-grade fast pathway conduction. Drugs that may depress 


the retrograde fast pathway include procainamide and, - 
probably, quinidine.!? Loss of the ability to sustain _ 
paroxysmal tachycardia due to these drugs will beac- 


companied by an increase in the ventricular paced cycle... 


length producing ventriculoatrial block to a cycle length 
greater than that of spontaneously occurring tachy- 
cardias.!?16 These drug effects may be demonstrated 
during a short term electrophysiologic study (on a single 
occasion in the catheterization laboratory) or over 


several days (long-term electrophysiologic study), uti- |. 


lizing a temporary electrode catheter and serial drug 
administration.2°-26 
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BYPASSING THE BYPASS WITH PERCUTANEOUS 
TRANSLUMINAL CORONARY ANGIOPLASTY 


. Coronary bypass surgery, now a decade old, still generates 
“widespread controversy. Divergent points of view among 
competent cardiologists exist regarding its indications, risks, 
long-term accomplishments and cost. It may be many years 
before these issues are resolved. For these reasons, it is im- 
portant. to pursue and test medical and surgical alternatives 
: that may replace or complement bypass surgery in the treat- 
:- ment of coronary artery disease. 
<+. Percutaneous transluminal coronary angioplasty is a 
_ © promising new nonsurgical method for the relief of coronary 
arteria! stenosis in selected cases. It was developed by Andreas 
--Gruenizig at the University of Zurich, who first applied it 
. successfully on September 16, 1977 in a patient with proximal 
“obstructive noncalcific coronary disease. The blockage was 
- £ompletely eliminated.! 
^ Technique of procedure: The procedure is performed in 
the cardiac catheterization laboratory and generally takes less 
than 2 hours to complete. À preformed guiding catheter, 
similar to the ones used for coronary angiography but not 
.. tapered at its tip, is advanced from the femoral artery in the 
groin over a guidewire into the aortic root and engaged in the 
orifice of the affected coronary artery without occluding it. A 
. double lumen dilating (balloon) catheter, 1.2 mm in external 
diameter with the balloon deflated, is threaded through the 
guiding catheter into the stenosed coronary artery until it lies 
astride the site of obstruction. One lumen of the dilating 
catheter, reaching its tip, monitors the blood pressure during 
catheter advancement. The second lumen leads through side 
holes into a sausage-shaped segment (balloon) near the tip 
"which can be filled by an appropriate pump with diluted 
contrast medium to an adjustable balloon pressure of 3.5 to 
^* 5 atmospheres. At 5 atmospheres a maximal external balloon 
diameter of 3.0 or 3.7 mm is attained, depending on the 
catheter model. The balloon is made up of highly resistant 
polyvinyl chloride whose pressure-dependent stretch is 
. minimal over the operative pressure range of 3.5 to 5 atmo- 
spheres. 
^ Fhe filling phase of the balloon lasts for 5 to 15 seconds and 
is followed by pump-activated deflation; chest pain usually 
does not develop during the maneuver. When inflated, the 
` balloon exerts a force perpendicular to the long axis of the 
^ vessel; this force compresses the low density content of a re- 
“cent atheroma against the outer layers of the vessel wall and 
redistributes it within the wall to yield often a normal vessel 
diameter as judged from angiographic criteria. If the result 
is only partially successful, the sequence of inflation and de- 
flation can be repeated.? 
Indications: The interest generated by percutaneous 
-transluminal coronary angioplasty, as expected, has been in- 
tense. For this reason, an informal meeting was called in 
January 1978 in Zurich to train a small number of cardiologists 
in the procedure and to establish guidelines during its initial 
developmental period. A strict protocol was devised. 
Patients are accepted for the procedure at the designated 
centers in Zurich, Frankfurt, San Francisco, New York and 
Philadelphia and Boston who meet the following criteria: (1) 
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under age 60, (2) a history of angina of less than 1 year; (3) 
critical (more than 70 percent reduction of coronary lumen) 
proximal stenosis of a major coronary vessel that is not calci- 
fied, (4) good quality of this vessel past the obstruction, (5) 
good ventricular function, and (6) positive exercise thallium 
scan. 

Current results: In August 1978, the first Zurich confer- 
ence, open to a larger audience, was convened, procedures, 
demonstrations and the results discussed and summarized. 
As of August 15, 1978 percutaneous transluminal angioplasty 
has been attempted in 66 patients, in 30 by Dr. Gruentzig 
alone. Successful dilatation was achieved in 39 patients, 
generally with little (less than 30 percent reduction of luminal 
diameter) or no residual stenosis. All patients left the hospital 
within 48 hours and most returned to their job within 1 week. 
This group included three patients in whom discrete, critical 
lesions that had developed in coronary bypass grafts were 
relieved. The angiographic follow-up in some of these patients, 
although not exceeding 5 months, failed to reveal recurrence 
of the obstruction. In 27 patients the attempted procedure was 
unsuccessful because of the inability either to reach the lesion 
or, less often, to advance the dilating catheter through a par- 
ticularly tight and presumably hard stenosis. In 6 of these 27 
patients chest pain or acute S-T segment changes in the 
electrocardiogram, or both, developed with angiographic ev- 
idence of further reduction or interruption of blood flow 
through the diseased artery. In some of these patients the 
evidence pointed to penetration of the obstructing atheroma 
by the catheter tip. All six patients underwent successful 
emergency coronary bypass surgery within 3 hours without 
the development of myocardial infarction as assessed from 
electrocardiographic or serum or enzyme criteria. 

Future prospects and implications: What is the future 
of coronary dilatation, and what are its shortcomings? The 
procedure is feasible, but almost everything else about per- 
cutaneous transluminal coronary angioplasty remains to be 
established. Despite some preliminary observations by 
Gruentzig and others, the type and extent of damage caused 
by the balloon to the coronary endothelium and the conse- 
quent interaction between injured endothelium and formed 
and humoral blood factors need to be investigated in depth. 
'The immediate effect of compression on the density, archi- 
tecture and redistribution of the atheromatous contents 
within the wall wil! have to be studied together with the 
long-term effects on the plaque: reaccumulation?, reabsorp- 
tion?, fibrosis?. Progress in related fields could be expected 
from this research. At the clinical level, the subjective and 
objective (hemodynamic, geometric and myocardial meta- 
bolic) effects of successful coronary dilatation will need 
quantification at rest and during stress using both invasive 
and noninvasive means. The risks of the procedure will have 
to be enumerated and the complications quantitatively 
identified. The range of indications and contradictions will 
have to be established and carefully defined. Eventually, the 
long-term results of percutaneous transluminal coronary 
angioplasty will need to be determined. 

If basic research and clinical investigation provide favorable 
answers, then promising new applications can be envisioned 
for percutaneous transluminal coronary angioplasty, including 
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its combination with bypass surgery at the operating table. 
However, given the limitations of the technique, which stem 
mainly from catheter size and plaque consistency, it is 
doubtful that this procedure will every replace coronary by- 
pass surgery in more than 15 percent of the operative candi- 
dates: Yet, given the prevalence of obstructive coronary artery 

- disease and the scope of coronary surgery today, the impact 
on hospital and patient costs could be substantial. 

Despite the uncertainty regarding its ultimate role in the 
management of proximal obstructive coronary disease, per- 
cutaneous transluminal coronary angioplasty is an exciting 
technique that offers still another means of relieving angina 
and improving myocardial perfusion. As experience is in- 
creased in the designated medical centers, the feasibility of 
this concept will be fully tested. However, hasty judgments 
about its effectiveness must be discouraged and the errors of 
the past, particularly in the accumulation of reliable statistical 
data, must be avoided. 

Lamberto G. Bentivoglio, MD, FACC 
Department of Cardiology 

Medical College of Pennsylvania 
Philadelphia, Pennsylvania 
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NHLBI POSITION ON PERCUTANEOUS TRANSLUMINAL 
CORONARY ANGIOPLASTY (PTCA) 


In 1959, Mason Sones reported on selective coronary arteri- 
ography, a technique that quickly became the "gold standard" 
for precise diagnosis of coronary artery disease. In the early 
1960's Dotter and Judkins introduced the original concept of 
utilizing a catheter to dilate an atherosclerotic obstruction in 
a peripheral artery. Now, almost two decades later, the se- 
lective coronary catheter is being proposed as a direct thera- 
peutic tool for correction of coronary obstructive lesions where 
heretofore it has only been diagnostic. 

In 1977, Andreas Gruentzig and his colleagues in Zurich, 
Switzerland, reported a technique that is now limited to re- 
search evaluation but that might in the future offer promise 
as a standard therapeutic approach for selected patients. This 
technique utilizes a double lumen dilatation catheter with a 
balloon with unique expansive characteristics and an appro- 
priate pump to deliver and quickly remove a specified pres- 
sure. Utilizing special guiding catheters, the dilatation cath- 
eter can be manipulated through the site of obstruction in a 
coronary vessel under direct fluoroscopic observation. The 
balloon can then be inflated with subsequent compression of 
the lesion and dilatation of the functional lumen of the coro- 
nary artery. By mid August 1977 Gruentzig and his colleagues 
had used this procedure in 30 patients. In 19 cases the proce- 
dure has been successful in dilating the affected coronary 
artery and relieving the patient's symptoms. There have been 
two acute myocardial infarctions and one case of unstable 
angina reported in conjunction with the procedure but no 
deaths. Patients with obstructions that could not be dilated 
by percutaneous transluminal coronary angioplasty were of- 
fered immediate bypass surgery. 

On the basis of this early reported experience, it appears 
that percutaneous transluminal coronary angioplasty has 
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limited promise as a therapeutic technique for a small number s * 


of categories of patients with obstructive coronary disease. It 
also appears that this technique is technically demanding and 
there is definite risk of myocardial infarction and possible 
death even in the hands of skilled operators experienced in 
this special technique who exercise care in applying it only to 
appropriate patients. The caution against the use of this re- 
search technique without such special experience and me- 
ticulous case selection should be evident. 

In order to evaluate most completely and expeditiously the 
promise and limitations of this new technique, the National 
Heart, Lung, and Blood Institute proposes fo establish an 


initial inventory of those investigators who are initiating 


clinical studies of this research technique in the United States. 
To this end, we have established a preliminary Interim Reg- 
istry on Percutaneous Transluminal Coronary Angioplasty 
to be maintained by the Cardiac Diseases Branch, Division 
of Heart and Vascular Diseases, National Heart, Lung, and- 
Blood Institute. Investigators interested in participating in 
this Interim Registry are invited to submit a copy of their 


protocols, including their indications for the procedure, a brief... 
summary of baseline data on the patients studied, as well as- : 


information on outcome. : 

A workshop on percutaneous transluminal coronary aneii 
gioplasty is planned to be held in Bethesda in June 1979 for I 
discussion of the technique. This workshop will provide a 
forum for reviewing the preliminary data collected on this. 
technique in this country by the Interim Registry. Workshop 


participants could also deal more definitively with consider- 7 


ations on the scientific evaluation and indications for the 
technique and the future needs, if any, for a continuous reg- 
istry for the technique. Inquiries about the Interim Registry 
and proposed workshop should be addressed to Dr. Michael 
B. Mock, Cardiac Diseases Branch, Division of Heart and 
Vascular Diseases, National Heart, Lung, and Blood Institute, : 
Bethesda, Maryland 20014. 
The complexities and cost of conducting cardiovascular ` 

research and providing the best available care to the patients 
presenting with cardiac disease demand that the evaluation 
of any new or potentially promising technique, such as per- 
cutaneous transluminal coronary angioplasty, be conducted 
in a rational, scientific manner. They also call for a workable 
plan for translation of the scientific data base at both an ap- 
propriate time and appropriate manner to the medical com- 
munity providing care for the patient. 

Robert I. Levy, MD 

Director 

National Heart, Lung, and Blood Institute 

Bethesda, Maryland 


Mary Jane Jesse, MD 

Director 

Division of Heart and Vascular Diseases 
National Heart, Lung, and Blood Institute 
Michael B. Mock, MD 

Cardiac Diseases Branch 

Division of Heart and Vascular Diseases 
National Heart, Lung, and Blood Institute 


ANGINAL CHEST PAIN VERSUS ANGINA PECTORIS | 


In the recent report from the Framingham study on the re- 
mission of clinically diagnosed angina pectoris, Kannel and. 
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Sorlie! demonstrated a different prognosis for two groups of 
patients with chest pain diagnosed as angina pectoris but 
failed to show in either group that the chest pain was due to 
ischemic heart disease. We believe that this is a critically 
important distinction in relation to prognosis and treatment 
because the real significance of the symptom of angina pectoris 
rests with its frequent (but not universal) association with the 
myocardial ischemia produced by significant coronary artery 
disease and the fact that specific forms of medical and surgical 
treatment are now available to treat the pathophysiologic state 
of myocardial ischemia. Al:hough, as the authors have stated, 
angina pectoris can be assessed only subjectively, if the chest 
- pain is due to myocardial ischemia this can be demonstrated 
_ objectively in most patients by treadmill exercise testing or 
radionuclide scanning and particularly by a combination of 
both.? When clinically indicated, coronary angiography can 
demenistrate the presence of anatomic lesions of the coronary 
arteries—that is, the presence of coronary artery disease, 
5. which is the most common, but not the only, cause of myo- 
-cardial ischemia. 
^. With such techniques so widely available at this time it is 
surely inadequate to diagnose one or more episodes of anginal 
chest pain as angina pectoris because of coexistent obesity, 
hypertension and an elevated serum cholesterol level. There 
are serious implications for the patient diagnosed as having 
a syndrome that carries the implication of coexistent ischemic 
"heart disease in relation to work, life style, medical therapy 
and postulated future prognosis. We believe that these im- 
plications demand firmer confirmation of the diagnosis of 
ischemic heart disease. Previous angiographic studies of pa- 
tients with a clinical diagnosis of typical angina pectoris have 
shown that patients can experience typical anginal symptoms 
(including a typical relation to exertion) in the presence of 
normal coronary arteries.” ® 

The prognosis in the group of patients with the diagnosis 
of “transient angina pectoris” was that one would expect in 
patients without significant coronary artery disease and re- 
sembles that of previously described patients who had normal 
coromary arteries at angiography despite typical angina pec- 
toris. On the other hand. the patients with persistent angina 
had a prognosis more in keeping with the presence of signifi- 
cant coronary artery disease and clinically they more closely 
resemble the type of patient likely to be referred for coronary 
angiography and, possibly, surgery. Noteworthy was the 20 
percent mortality rate in men with persistent angina over a 
4 year period in the Framingham group,! which compares with 
an 11 percent mortality rate over 5 years in a large group of 
patients operated on for persistent angina secondary to an- 
giographically proved coronary artery disease. 

We urge that the term angina pectoris be used only to de- 
scribe the presence of specific symptoms secondary to ob- 
jectively documented ischemic heart disease. Where docu- 
mentation is lacking, perhaps a term such as anginal chest 
pain may be appropriate. If the fundamental disease is to be 
described, the terms coronary artery disease (to describe the 
pathology) or ischemic heart disease (to describe the patho- 
physiology) should be employed. The terms are not synony- 
mous, and each one of these diagnoses carries quite different 
implications for the patient. 

Gerald M. Lawrie, MD, FACC 
George C. Morris, Jr., MD, FACC 
Cora and Webb Mading 
Department of Surgery 

Baylor College of Medicine 
Texas Medical Center 

Houston, Texas 
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REPLY 


We agree that the term angina pectoris should signify only 
an ischemic type of chest pain. The designation of angina 
pectoris as due to coronary artery disease should probably 
require documentation by an exercise electrocardiogram or 
radionuclide scanning. It is clear that not all transient chest 
pain provoked by exertion is due to major occlusions of one 
or more coronary arteries. 

However, the problem is rather complex. We cannot agree 
that these procedures, or even coronary angiography, settle 
the matter. In the final analysis, there is no escaping the fact 
that angina is a clinical syndrome or a pathophysiologic state 
and not an anatomic condition or an electrocardiographic 
abnormality provoked by exercise. We are sure that Lawrie 
and Morris have both seen on angiography severe coronary 
artery disease unaccompanied by any chest pain, as well as the 
converse. Likewise, many persons with blatantly positive 
electrocardiographic responses to exercise have no pain during 
the exertion or between tests. Conversely, not every patient 
who has angina on the treadmill hasa positive electrocardio- 
graphic response. Furthermore, these discordant occurrences 
are not oddities, but rather frequent observations. According 
to Lawrie and Morris, we might have to give these another 
name as well —perhaps “silent angina.” 

Those characterized as having "angina pectoris" in the 
Framingham Study, particularly of the transient, remitting 
variety, may or may not have had coronary artery disease. The 
importance of the symptom of angina does indeed rest with 
its frequent association with myocardial ischemia produced 
by severe narrowing of the coronary arteries. It would be de- 
sirable for all subjects with suspected angina to have the di- 
agnosis clarified by dynamic studies designed to demonstrate 
ischemia and deterioration of ventricular function under a 
load. This might in some cases relieve them of the burden of 
an unwarranted diagnosis of a potentially lethal illness that 
might undermine their faith in themselves or their future and 
affect their employment and insurance eligibility. This diag- 
nosis should not be lightly bestowed on a patient. 

Further diagnostic studies would also seem useful for those 
with persistent angina who are being considered for hazardous, 
costly or unpleasant medical or surgical remedies. Such 
studies are also useful to establish the amount of exercise that 
can be safely tolerated and to evaluate the prognosis for chest 
pain. For patients with persistent angina and a poor coronary 
risk profile the prognosis is so much like that of docamented 
myocardial infarction that extensive diagnostic stadies for 
diagnostic reasons alone would seem superfluous in most 
cases. 

Lawrie and Morris find the 20 percent 4 year mortality rate 
in men with persistent angina worthy of comparison with the 
11 percent mortality rate over 5 years observed in patients 
operated on for persistent angina despite lack of confirmation 
of the diagnosis in the former. The comparison is, cf course, 








_. dnappropriate because there is no guarantee that the two 
— samples are comparable in severity of underlying disease, or 
even in age. The patients in the Framingham study with an- 
. gina, in contrast to the surgical series, are unselected as to 
number of vessels involved, heart size, left ventricular function 
or signs of cardiac failure. These factors are associated with 
"greater mortality. 
We do not know whether the proper conclusion from this 
‘study of the natural history of angina pectoris is that some 
"true angina" actually disappears and that when this occurs 
the prognosis is excellent or that when this happens another 
diagnosis should be considered. We think that both possibil- 
ities are likely. Unfortunately, in epidemiologic studies it is 


- seldom feasible to carry out. the more definitive studies re- 


quired to probe the clues to pathogenesis uncovered. Lawrie 
and Morris may be in a position to do so and we strongly urge 
them to consider it. 





Nevertheless, we believe the observations made are useful 
as they stand. It seems from this study that physicians should 
anticipate that a sizable proportion of their patients with 

angina will have a spontaneous remission. Also, it would seem © 


ill advised to prescribe potentially hazardous medicalorsür- | E 5 
gical remedies for transient angina without further informas . 


tion on the proper indications for therapy in this subgroup. 


What is clearly needed is a careful: investigation of the: : 


underlying anatomy and pathophysiology to learn why a. 
substantial amount of apparent angina disappears in both 


sexes and why this disappearance is associated with an ex- — 


cellent prognosis. 
l W.B. Kannel, MD, MPH, FACC 
Paul Sorlie, MS 


Heart Disease Epidemiology Study — 


Framingham, Massachusetts — 
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President's Page: 


Should We Reduce Graduate Cardiovascular Training Programs? 


Borys Surawicz, MD, FACC 


In continuing the tradition of the ‘‘Presi- 
dent's Page,” | should like to preface it 
with a word of gratitude to the Editor of the 
Journal for a rare privilege afforded to the 
College President, to voice an Opinion 
without being restricted by a subject 
matter, and without the restraining rigor 
of the Journal’s peer review mechanism. 
Most privileges can be readily abused 
unless guarded by the recipient’s sense 
of obligation. In this case, the obligation 
is to say something of interest to the 
membership and, if possible, to provide 
the reader with a stimulus for an exchange 
of views and ideas. | hope that my com- 
ments, which express my personal opin- 
ion because | have no time or Opportunity 
to check my text in advance with the 
Board of Trustees or the appropriate 
committees of the College, will invite re- 
sponses that | shall either answer per- 
sonaily or summarize within the text of 
ensuing ‘‘President’s Pages. 





The title of this “page” was provoked 
by the "Statement of Manpower” issued 
by the Federated Council for Internal 
Medicine on September 16, 1978.! The 
Council represents the prestigious orga- 
nizations consisting of the American 
Board of Internal Medicine, the American 
College of Physicians, the American So- 
ciety of Internal Medicine and the Asso- 
ciation of Professors of Medicine. The 
limitations of space will permit me to give 
only a cursory account of this statement, 
but | trust that | will be able to convey 
faithfully the opinions of the Council and 
explain the roots of my negative reaction 
to their document. 

| have no objection to the Council's 
statement in the preamble that ‘‘continu- 
ing efforts should be made to ensure that 
an appropriate number and distribution of 
internists are available for the provision 
of optimum medical care for the people 
of the United States." This is the reason 
why the Council has supported the Na- 
tional Study of Internal Medicine Man- 
power. Although the results of this study 
are not yet available, the Council is ready 
to identify the difficulty and make the ap- 
propriate recommendations for its solu- 
tion. What is the actual problem? The 
National Study of Internal Medicine Man- 
power has shown that the number of 
trainees in subspecialty programs in- 
creased at a rate of about 11 percent per 
year during the past 6 or 7 years, and that 
the present overall 2:1 ratio of general 
internists to subspecialty internists could 
reverse in the next 20 years if the present 
numerical trend continues. The Council's 
statement does not make it clear how this 
calamity of substituting the subspecialty 
internist—who has acquired, in addition 
to the knowledge and experience com- 
mon to the general internist, some special 
skills and interests—will detract from “the 
optimum medical care for the people of 
the United States.” On the contrary, the 
Federated Council for Internal Medicine 
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admits in its statement that most sub- 
specialty internists now in practice deliver 
a substantial amount of primary care and 
that “delivery of primary care represents 
a significant proportion of the subspeci- 
alists’ professional activities.” 

Leaving this issue unresolved, the 
Council presents observations and con- 
clusions concerning ‘‘the importance of 
an appropriate distribution of manpower 
within internal medicine, including a 
proper balance between general internists 
and subspecialty internists.” As an inter- 
nist, | strongly believe that the profession 
of internal medicine is challenging, 
mind-expanding, humanitarian and ben- 
eficial to the welfare of the human race. 
| also expect that members of other 
medical specialties have similar beliefs 
about their own professions. But | am 
afraid that efforts to create “an appro- 
priate distribution” or a “proper balance" 
between different specialists or subspe- 
cialists within a specialty must require 
some form of coercion or manipulation, 
which is difficult to achieve without 
abridging the freedom of personal 
choice. 

Unusual circumstances may force so- 
ciety to curtail or suspend privileges of 
certain groups or individuals, but the 
Council does not make a good case for 
such an action in this instance. It claims 
that “‘the overall rate of increase in num- 
bers of subspecialty trainees has been 
excessive" and suggests that "reim- 
bursement levels" for technical proce- 
dures “‘very significantly influence career 
choices among internal medicine 
trainees." This prompts the Council to 
state that "an increased emphasis on 
training in general internal medicine would 
be in the public interest.” 

These are strange notions, indeed. | 
wonder who among the Council's mem- 
bers will summon up the courage to ap- 
proach a third year medical resident pre- 
paring to spend additional (usually at least 





two) years in a teaching hospital in order 
to acquire the knowledge and the skill 
required to practice the specialty of adult 
or pediatric cardiology, and tell him or her 
that such action is not in the best public 
interest because it amounts to seeking 
higher levels of reimbursement for tech- 
nical procedures.' And what might be the 
reply to the anticipated countering ques- 
tions: Why is my increased knowledge, 
experience and competence not in the 
public interest? Why is it wrong to be 
motivated by the prospect of higher 
reimbursement leveis? Why should the 
knowledge and the technical skills remain 
the undisputed domain of a group limited 
to few selected competitors? 

The last part of the Council's statement 
entitled “Recommendations” is not sur- 
prising, in view of the previously ex- 
pressed opinions. The Council recom- 
mends adjusting the number of clinical 


-subspecialty training positions “to meet 


health care needs in the United States 
where appropriate," and it instructs the 
chairpersons of departments of medicine 
and directors of internal medicine training 
programs to modify, limit or reduce the 
number of clinical subspecialty slots. At 
the same time, it states that "the number 
of general internists should be increased," 
and their training "should place reduced 
dependence on technical procedures and 
a greater emphasis on bedside skills and 
clinical judgment." While the nostalgia for 
the allegedly vanishing “bedside skills" 
cannot be dismissed lightly, the method- 
ology of reducing the dependence on 
technical procedures may pose some 
interesting logistic problems. For in- 
stance, | can envision a scenario in which 
the resident is denied an electrocardio- 
graph until he figures out from the inten- 
sity of the heart sounds whether tachy- 
cardia is supraventricular or ventricular, 
or perhaps is kept away from the echo- 
cardiograph before he masters the art of 
percussing a pericardial effusion. But the 
impact of technology on medical practice 
is a separate subject that is beyond the 
scope of this "page." 

The statement of the Federated Council 
for internal Medicine ends with a pro- 
nouncement that "further data are needed 
to develop a coherent national policy re- 
garding appropriate numbers of medical 





students, general internists and other 
primary care physicians and subspeci- 
alists of various types." This is probably 
the most significant part of the statement 
because it is an admission of a need for 
the appropriate data and an expression of 
hope that some appropríate information 
will be developed by the National Study of 
internal Medicine Manpower. 

All of us will undoubtedly follow with 
interest the national manpower study and 
the results of other future manpower 
studies, but we must not forget the efforts 
of the American College of Cardiology to 
obtain the needed data. In 1973, the Col- 
lege, aided by a contract from the National 
Heart and Lung Institute and helped by the 
consultants representing the American 
Heart Association, American College of 
Chest Physicians and Subspecialty Board 
in Cardiovascular Disease, prepared an 
extensive evaluation of cardiology training 
and manpower requirements edited by 
Forest H. Adams and R. C. Mendenhall.? 
From this report, we learn that in 1973 we 
had 177 physicians per 100,000 popula- 
tion, while the number of cardiologists 
averaged 5.6 per 100,000 population. The 
cardiologists were physicians who esti- 
mated that they had spent 50 percent or 
more of their professional time providing 
care for patients with cardiac problems. 
About 50 percent of all cardiologists were 
certified in Internal Medicine and 10 per- 
cent certified in Cardiovascular Dis- 
ease. 

Does this represent an adequate 
number of cardiologists needed in the 
country? The report wisely does not at- 
tempt to answer this question, but pro- 
vides precise data relating to the number 
of new trainees needed to maintain the 
present ratio of about six cardiologists per 
100,000 population. The report also lists 
some of the factors that could contribute 
to the increasing need for cardiologists. 
These include improving standard of care, 
development of new diagnostic and sur- 
gical techniques and the recently imposed 
restriction on numbers of foreign gradu- 
ates entering the country. We must also 
consider the possible changes in the 
prevalence of heart disease. The present 
estimate is that 24.9 percent of the aduit 
American population have definite or 
suspected heart disease.? 
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It is obvious that we do not know how 


many general internists and how many 
cardiologists are needed for the optimal 
medical care in this country. My prefer- 
ence would be to see the issue deter- 
mined by the process of self-regulation 
based on the laws of supply and demand. 
When the prospective cardiologists re- 
ceive word that the previous graduates of 
cardiology training programs face prob- 
lems in their practice that require no 
special skills, they may choose to termi- 
nate their own training at an earlier stage 
and embark on the practice of general 
internal medicine. It would be a gross 
oversimplification to assume that pure 
pragmatism is the sole power motivating 
human actions. The quest for new 


knowledge, the intellectual curiosity, the. = 
joy and pride in mastering new skills mày 


represent a much stronger motivation 
than the prospects of marketability or. 
even the prestige of Board certification: 
in the final analysis, it is as appropriate 
for the Federated Council for internal 
Medicine to be concerned about the status 
of the general internist as it is appropriate 
for the American College of Cardiology to 


be concerned about the status of the. : 


cardiologist. However, as citizens and 
physicians, we all should take under ad- 
vice the following statement from. the 
Physician Manpower report of the Amer- 
ican Medical Association adopted in June 
1978: "The public can best be served 
under an educational system which 
maximizes the freedom of individuals to 
choose and develop their career interests 
and opportunities under normal compet- 
itive conditions. This applies to both the 
selection of medicine as a career and the 
choice of speciality.” ? 


Borys Surawicz, MD, FACC 
President 
American College of Cardiology 
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NEW MEMBERS 


The following individuals were elected to 

= membership in the American College of Car- 

* diology on November 30, 1978 in the category 
indicated. 


FELLOWSHIP 


AHMAD, Salahuddin, MBBS, Granite City, IL 
cC AKIYAMA, Toshio, MD, Rochester, NY 
> ALEXANDER, Charles F., I, MD, St. Paul, 
MN 
ALOSILLA, Carlos E., MD, Jacksonville, FL 
zv SANGCFF, Gerald H., MD, Manchester, NH 
< ARENSBERG, Daniel, MD, Atlanta, GA 
^ ATKINS, Floyd L., Jr., MD, Kansas City, KS 
BADKE, Frederick R., MD, San Antonio, TX 
BALU. Venkataraman, MBBS, Buffalo, NY 
BARNES, Robert N., MD, Temple, TX 
BAUERSFELD, Samuel R., MD, Pittsburgh, 
PA 
— BEAUCHAMP, Gary D., MD, Kansas City, 
: MO 
BENNETT, Fredrick A., Jr., MD, Fort Smith, 
z AR 
~-BENOUALID, Henri, MD, Ville St. Laurent, 
> Canada 
BERGER, Robert L., MD, Boston, MA 
BERNHARDT, Louis C., MD, Madison, WI 
..BITTAR, Neville, MD, CM, Madison, WI 
BLACEMAN, Marie S., MD, Syracuse, NY 
BONKE, Felix I. M., MD, PhD, Maastricht, 
Netherlands 
BORNSTEIN, Abraham B., MD, Darien, CT 


tz; BREINIG, John B., MD, Nashville, TN 


BRENNAN, John P., MD, Nanticoke, PA 
BRIEF, George, MD, New York, NY 
BUCHNESS, Michael P., MD, Salisbury, MD 
< “BUDA, Andrew J., MD, Toronto, Canada 
= BURWELL, Douglas T., MD, Santa Ana, CA 
BYAHATTI, Veerappa G., MD, South 
Plainfield, NJ 
-.'CHEN, Scott H. S., MD, Temple, TX 


C OHHABLANI, Ramesh, MBBS, Chicago, IL 


CHIAVACCI, Wayne E., MD, Scranton, PA 
CHIN, Ching-Fong, MD, Huntington Beach, 
CA 
= CHINOY, David A., MD, Jacksonville, FL 
COHEN, Willard; MD, Syracuse, NY 
COOPER, Terry B., MD, Birmingham, AL 
. GRAWFORD, Fred A., Jr., MD, Jackson, MS 
DICK, Edward W., MD, Tucson, AZ 
~ DREW. Denis W., MD, Alameda, CA 


it DREW, Thomas M., MD, Providence, Ri 
— DUGALL, John.C., MD, Phoenix, AZ 


-< DUICK, Gregory F., MD, Wichita, KS 
- C ERWIN; Stanley W., MD, Memphis, TN 
*EUBANKS, Donald R., MD, Clearwater, FL 
FABRE. Carlos E., MD, Canton, OH 
.FABREGAS, Ramon A., MD, Albany, NY 
FARUGUI, Azhar M., MB, BS, Karachi, 
Pakistan 


. | FULEIHAN, Daniel S., MD, Syracuse, NY 


FURST. Alex J., MD, Miami, FL 
oo -GAIHA, Vishnu D., MBBS, Evanston, IL 
c: GALICHIA, Joseph P., MD, Wichita, KS 





GALLAGHER, John J.. MD, Durham, NC 
GARDNER, lan R., MB, ChB, South Bend, IN 
GARMAN, J. Kent, MD. Stanford, CA 
GENOVESE, Bruce, MD, Ann Arbor, MI 
GILLUM, Richard F., MD, Minneapolis, MN 
GOLDBERG, Samuel D., MD, Rockville, MD 
GOWDAMARAJAN, R.. MD, Kansas City, 
MO 
GRADMAN, Alan H., MD, West Haven, CT 
GRONDIN, Claude M., MD. Montreal, Canada 
HAFFAJEE, Charles l., MB, BCh, 
Worchester, MA 
HANOVICH, Gary D., MD, Minneapolis, MN 
HARLAN, Bradley J., MD, Portland, OR 
HAUSER, Andrew M., MD, Royal Oak, MI 
HECHT, Harvey S., MD. Los Angeles, CA 
HELLENBRAND, William E., MD, New 
Haven, CT 
HILL, James D., Jr., MD, Berkeley, CA 
HILLIS, Leslie D., MD, Dallas, TX 
HOFSCHIRE, Philip J., MD. Omaha, NE 
HOWARD, Paul F., MD, South Bend, IN 
HUBBARD, Francis E., MD, Philadelphia, PA 
HURVITZ, Richard J., MD, Los Angles, CA 
HWANG, Ming Hsiung, MD, Hines, IL 
JACOBS, Benjamin F., ill, MD, New Orleans, 
LA 
JOBIN, Gary C., MD, Artesia, CA 
KAIMAL, P. K., MD, Cleveland, OH 
KAWAI, Chuichi, MD, Kyoto, Japan 
KEELAN, Michael H., Jr., MD, Milwaukee, WI 
KHEMKA, Mahaveer P., MD, Anaheim, CA 
KLAUSNER, Steven C., MD, Salt Lake City, 
UT 
KORN, Chaihan U., MD. Peoria, IL 
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COLLEGE NEWS. 
"INDRA, Dion, MD; Hilo, HI 
KHAN, Majid K., MD, Edison, NJ 


- MONDRAGON, Gustavo A., MD, Winnipeg, 
Canada 





. LEARNING CENTER: 


: The American College of Cardiology's newest department, the Learning, 
Center, located at the College's Bethesda, Maryland headquarters, 


_ began operations last October with the offering of its first continuing 


medical education program for physicians with a specialty or an interest 


; t : _ in cardiovascular medicine. The purpose of the Learning Center is to 


(C Support the professional commitment to quality patient care by providing 


PALETTA, Frank, MD, Creve Coeur, MO. 
PULIDO, Jose Ignacio, MD, Caracas, 
Venezuela 
REYNS, Philippe Y., MD, Phoenix, AZ 
RIVERA-DIAZ, Don R., MD, Cayey, PR 





SY, Alberto O.; Jr., MD, Sidney, NY 

TEMPLE, Kimball B., MD, Keene, NH 

YAMAMOTO, Noriaki, MD, Hamamatsu, 
Japan . 

YOUNAN, Kivarkis Y-, MD, Parlin, NJ 


a new standard of excellence in cardiovascular continuing education. 
For additional information concerning the programs listed below or for 
a complete schedule of programs through December 1978, contact 
Program Coordinator, Learning Center, American College of Cardiology, 
9111 Old Georgetown Road, Bethesda, Maryland 20014. Telephone 
(301) 897-5400. 
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. Month/Dates 














Course Director Title of Program 
"April 2-4 Samuel Kaplan, MD, FACC Non-invasive Pediatric Cardiology 
April 5-7 John A. Spittell, Jr., MD, FACC Peripheral Vascular Disease 
April 9-11 Keith E. Cohn, MD, FACC Exercise Testing 
April 18-20 J. O'Neal Humphries, MD, FACC Coronary Care Units— 15 Years Later 
April 23-25 Arthur E. Weyman, MD, FACC Cross-sectional Echocardiography 
April 26-28 Robert G. Tancredi, MD, FACC Pulmonary, Renal and Electrolyte Considerations in Cardiovascular 
Disease 
May 3-5 Daniel S. Berman, MD, FACC Nuclear Cardiology 
May 7-9 Leonard S. Dreifus, MD, FACC Cardiac Rehabilitation: Principles and Techniques 
May 14-16 Louis Lemberg, MD, FACC CCU Update for Nursing Supervisors 
Agustin Castellanos, Jr., MD, 
FACC 

|. May 21-23 James E. Doherty, lll, MD, FACC Ciinical Cardiovascular Pharmacology: Rational Approach to Drug 

2 Therapy 
May 24-25 Joseph K. Perloff, MD, FACC The Fundamentals of Echocardiography: A Practical Course for 

Clinicians 
May 30-June 1 ira H. Gessner, MD, FACC The Principles of Pediatric Cardiology: A Fundamental Approach 
June 4-6 G. Charles Oliver, MD, FACC Ambulatory Monitoring and Sudden Death 
June 11-13 Shahbudin H. Rahirntoola, MD, Valvular Heart Disease 
FACC 
c June 20-22 Michael S. Gordon, MD, FACC Cardiac Auscultation 
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CALENDAR OF EXTRAMURAL PROGRAMS 





The. aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific and clinical data, the constant 
changes in technology and methodology, and 
the greater availability of therapeutic options. 
`: Today most cardiologists, internists and family 
practitioners feel the need of supplementing 
their professional reading by direct contact 
with the authors, research workers and leaders 
4n the field. 

To. solve these problems the Committee 
selects each year series of carefully super- 





vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the- National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 


These programs should help each physician f : 
to keep up with the new knowledge, to putino = = 


practice the new advances and to retract: 
gracefully from the obsolete and useless. 


practices. An effective practitioner must learn. c 
and relearn, listen to new ideas, share past 


experiences and observe the work of his 

peers. The National Program Committee for 
Continuing Medical Education of the American = 
College of Cardiology believes that these goals: 

can be accomplished by all members and 

nonmember professionals participating in our 

continuing education programs. 

Leonard S. Dreifus, MD, FACC 

Chairman 

National Program Committee 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, Division of 
Continuing Education, American College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 





APRIL 1979 THROUGH AUGUST 1979 





To be Preceptorships in Cardiology. Arthur 
arranged — Seizer, FACC, director. Pacific Medical 
individu- Center, San Francisco, Calif. 

ally 


APR. Consultant's Course in Cardiology. 

2-6 Michael V. Herman, FACC, director and 
Richard Gorlin, FACC, Simon Dack, 
FACC and Louis E. Teichholz, FACC, 
co-directors. Mount Sinai Medical Cen- 
ter, New York, NY 


APR. Cardiology for the Consultant: A Clini- 
2-11 cian's Retreat. E. Grey Dimond, FACC 
and James E. Crockett, FACC, directors. 
Rancho Santa Fe inn, Rancho Santa Fe, 


CA 
APR. Management of the Patient Who Has 
3-4 Survived Acute Myocardial Infarction. 


Sylvan L. Weinberg, FACC, director. 
Stouffer's Dayton Plaza Hotel, Dayton 


OH 

APR. New Diagnostic and Therapeutic Ap- 

19-21 proaches in Cardiology 1979. Edmund 
H. Sonnenblick, FACC and. James 
Scheuer, FACC, directors. Plaza Hotel, 
New York, NY 

APR. Cardiac Arrhythmias: Recognition, 

24-27 Efectrophysiology and Treatment. John 
A. Kastor, FACC and Mark E. Joseph- 
son, FACC, co-directors. University City 
Holiday Inn, Philadelphia, PA 

APR. Myocardial Infarction and Other isch- 

26-28 emic Heart Syndromes. C. Richard 


Conti, FACC, director and Carl J. Pepine, 
FACC and Leonard G. Christie, co-di- 
rectors. innisbrook Resort and Golf Club, 
Tarpon Springs, FL 





MAY Critical Care Cardiology. Arthur Selzer, 

3-5 FACC and Keith E. Cohn, FACC, direc- 
tors. Golden Gateway Holiday Inn, San 
Francisco, CA 


MAY Ischemic Heart Disease. James E. 

3-5 Dalen, FACC, director and Thomas J. 
Ryan, FACC, Thomas W. Smith, FACC, 
Herbert J. Levine, FACC and Joseph S. 
Alpert, FACC, co-cirectors. Copley 
Plaza Hotel, Boston, MA 


MAY Clinical Auscultation of the Heart. W. 

9-11 Proctor Harvey, FACC, Antonio C. de 
Leon, Jr., FACC, and John F. Stapleton, 
Co-directors. Georgetown University 
Medical Center, Washington, DC 


MAY A Symposium on Cardiovascular 

18-21 Nursing. Henry J. L. Marriott, FACC, and 
Leo Schamroth, FACC, directors. 
Sheraton Sand Key Hotel, Clearwater 
Beach, FL 


MAY Coronary Atherosclerotic Heart Dis- 

21-24 ease— 1979. J. Willis Hurst FACC, di- 
rector and Robert C. Schlant, FACC, 
co-director. Colony Square Hotel, At- 
lanta, GA 


JUNE Cardiac Auscultation Workshops. Jules 
8-10 Constant, FACC, director. Niagara Hilton 
Hotel, Niagara Falls, NY 


JUNE Sixth Annual Symposium. Clinical 

13-16 Echocardiography: Fundamentals and 
New Developments in Cardiac Ultra- 
sound. Arthur D. Hagan, FACC, director 
and William F. Friedman, FACC and 
Walter V. R. Vieweg, FACC, co-direc- 
tors. Sheraton Harbor Island Hotel, San 
Diego, CA 


JUNE Medical and Surgical Management of e 
Coronary. Ariery Disease. M. led 


21-23 
Hughes, Jr., FACC, director and Robert 
C. K. Riggins and Richard P. Anderson; 
co-directors. Virginia Mason Medical 
Genter, Seattle, WA 


JUNE Echocardiography: Fundamentals and 
21-23 New Developments in Cardiac Ultra- 
sound. Arthur D. Hagan, FACC, director 


and Walter V. R. Vieweg, FACC and Joek = 


S. Karliner, FACC, co-directors. Sher- 
aton Harbor Island Hotel, San Diego, 
CA 


AUG. Tutorials in the Tetons: Cardiac Emer- 
25-27 gencies (Fifth Annual). Robert S; Eliot, 
FACC and Alan D. Forker, FACC and 
Gerald L. Wolf, co-directors. Jacksoni 
Lake Lodge, Moran, WY : 
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__ INSTRUCTIONS FOR AUTHORS 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDICLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal.on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


_ THE WHOLE PAPER 


<e Address manuscript to Managing Edi- 
< tor, American Journal of Cardiology, 
| 566. Fifth Ave., New York, NY 10019. 

«Submit two copies of afl elements of 







the article: text, references, legends, ta- 


bles and figures. 
* Arrange the paper in this order: (1) 
.title page; (2) abstract; (3) text; (4) ref- 


| erences; (5) legends; (6) tables; and (7) 


figures. 


ze Number all pages in above se- 


quence, beginning with title page as 1, 
-abstractas 2, etc. 


c * Type all matter: (1) on 8% X 11 
tUepaque white bond paper: (2) in dupli- 


D cate; (3) on one side of each sheet only; 


5350544) double-space; (5) leave wide mar- 
= gins, all four sides. 


THE TITLE PAGE 


- "e Include first names, degrees and, 
* where applicable, FACC fcr all authors. 


Provide a short running title of 3 to 6 


"words. 
<e insert at bottom: name and address 
of institution from which work originated 


D. plus information about grants. 


*. Add. at bottom the phrase "Address 


(for reprints: ..." followed by full name 
|. and address with zip code. 





.. THE ABSTRACT 


<e Limit words as follows: 100 to 250 


4 swords for. major articles: 50 to 100 


words for case reports. 
«.* Add at end of abstract: list of 2 to 6 
. key words and subjects for indexing. 


. THE TEXT 


c*« Typein duplicate; double-space. 

| ce Do not use abbreviations such as 
4 SVC, WPW: write. out superior vena 
— cava, Woltf-Parkinson-White. 

*- Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
= Style Manual for. Biological Journals, 


t American Institute of Biological Sci- 


=- ences, 3900 Wisconsin Avenue, N.W., 
~ Washington, D..C. 

e Cite in numerical order- every. refer- 
ence, figure and table. (Crder. of men- 


tion in text determines the number given 
to each.) 

e Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


* Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

e Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

* Follow the genera! arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

* Number pages in sequence after last 
page of references. 

* identify at the end of each legend and 
in alphabetical order all abbreviations. in 
the figure described. 


THE TABLES 


* Start each table at top of new page. 
* Type in duplicate; double-space. 


« Give each table a number (in roman 
numerals: Tabie |, I, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

« Provide a footnote to each table— 
identifying in aiphabetical order all ab- 
breviations used. 


THE FIGURES 


« Submit 2 glossy prints (not originals) 
of each photo and drawing. 

* Please note that art work of pub- 
lished articles will not be returned. 

* Use black ink for ali charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

* Use arrows to designate special fea- 
tures. 

* Crop photomicrographs to show only 
essential field. 

* Identify figures on back by number 
and author's name. 

* Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

* Submit written permission from pub- 
lisher and author to reproduce any pre- 
viousiy published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing all authors: 


S1. Yismara LA, Vera Z, Miller RR, Masor DT: Efficacy of disopyramide phosphate in the 
"treatment of refractory ventricular tachycardia. Am J Cardiol 39:1027- 1034, 1977 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop.L HS, Krovetz LJ: Diseases of the tricuspic valve, chap 20. 
in, Heart Disease in Infants, Children and Adolescents [Moss AJ. Adams F, edi. 
Baltimore, Williams & Wilkins, 1968, 5 134 


For books (with identical author and editor): 


36. Seme E: Principles of Group Treatmert. New York, Oxford University Press, 1966. p 
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(Author: all book references should have specific page numbers.) 
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Oral Nitroglycerin. 
ITRO-BID’2.5 


nitroglycerin) 2.5 mg 
® 


Plateau CAPS 
ITRO-BID' 6.5 


nitroglycerin) 6.5 mg 


Plateau CAPS’ 


and now 


ITRO-BID' 9 


nitroglycerin) 9 mg $ 
Plateau CAPS 


atient benefit products from 
DIVISION 


PHARMACEUTICAL 
M|MARION 
B LABORATORIES, INC. 
KANSAS CITY. MO 64137 













Based on a review of this drug and a related drug by the National Academy 
of Sciences— National Research Council and/or other information, FDA has 
lassified the indications as follows: 
"Possibly" effective. When taken by the oral route, NITRO-BID Capsules 
are indicated for the management, prophylaxis or treatment of anginal 


attacks. 


"Possibly" effective. When applied topically, NITRO-BID Ointment is indi- 

cated for the prevention and treatment of angina pectoris attacks espe- 

cially at night. 

inal classification of the less-than-effective indications requires further 
evaluation. 


ontraindications 
Patients with marked anemia, increased intraocular pressure, increased 
intracranial pressure, glaucoma, hypotension, and idiosyncrasy to this drug. 





Topicai 
Nitroglycerin 
NITRO-BID 


(296 nitroglycerin) 


Transdermal 
Ointment 








Warnings 

NITRO-BID is not intended to abort the acute anginal episode. NITR! 
Capsules must be taken ORALLY, not sublingually. In terminating N 
BID Ointment treatment, both the dosage and frequency of appli 
must be gradually reduced over a period of 4 to 6 weeks to prevent si 
withdrawal reactions. 

Precautions 

A headache is a definite sign of overdosage and, therefore, dosage s 
be reduced. Occasionally, elderly patients may have no untoward 
toms while recumbent, but may develop postural hypotension with 
ness upon suddenly arising. 

Adverse Reactions 

With use of nitrates, transient headache, postural hypotension, flu 
tachycardia and dizziness may occur. 

Consult full product disclosure before prescribing. 


A g ^ . 
E SIX HANDS... 


. . You can now do with two, and CARDIOTEST™. New from CPI., 
ARDIOTEST is an easy-to-operate pushbutton instrument that is 

eally three devices in one: a threshold analyzer, a pacer tester and a 
oninvasive pacer monitor. It's the compact answer to all your pace- 
aker analysis needs — both during and after implant. 


ushbutton operation makes CARDIOTEST simple to use. And the 
elf-explanatory faceplate is clearly divided into the three functional 
areas for precise and reliable operation. The large dispay area allows 
Ui fed identification of numerical values and units of measurement 
ppm, ms, v, mA, KO, mv). 


ith CARDIOTEST, you can measure thresholds at the implantable 
bacer’s pulse parameters... for a start. You can also test lead 
ystem resistance, R-wave amplitude, and implantable pacer output 
haracteristics. 


A range of special test functions not offered by most other pacer 
nalyzers includes: 

Demand pacing option during threshold testing 

Measurement of implantable pacer sensitivity 

Implantable pacer refractory period measurement 

Simultaneous patient pacing during test operations 

Noninvasive, postoperative measurement of rate, interval and pulse 

width 


he highly visible display quickly verifies all dial settings on CARDIO- 
EST, so mechanical setting inaccuracies are eliminated. Extreme 
recision of actual measurements is achieved through crystal 

ontrolled timing and state-of-the-art digital logic circuit techniques. 
hat appears on the display is what's actually occurring within the 
atient’s pacing system. 

or accurate, complete, yet simply performed analyses, CARDIOTEST is 


or additional information on how CARDIOTEST can provide simple 
olutions to your pacemaker analysis needs, contact your CPI repre- 
entative or call Toll-Free (800) 328-9588. 


jw 
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© PPM DISPLAY AREA FEATURING: 
MS Large, bright LED Digital Display 
LED Measurement Indicators 
PACE and SENSE LED Indicators 


ry l1 b ry V Battery Low LED indicator 


L( UL. LI 


PACE ©) SENSE 


THRESHOLD TEST DEVICE 
CONTROLS FEATURING: 
Control dials for the adjustment of 
rate, pulse width, voltage and sensi- 
tivity (asynchronous to full demand) 
parameters during patient pacing 
and threshold measurements. 


"AGE R SYSTEM TESTER x Pushbutton selectors for rate, pulse 
1 1s width, voltage and resultant current, 
resistance and cardiac R-wave 
measurements. 


PACER TEST DEVICE CONTROLS 

FEATURING: 
Pushbutton selectors for rate, pulse 
interval, pulse width, voltage, paced 
and sensed refractory periods, and 
positive and negative R-wave sensi- 
tivity measurements of external or 
implantable pulse generators. 


NONINVASIVE TEST DEVICE 
CONTROLS FEATURING: 
Pushbutton selectors for rate, pulse 
interval and pulse width measure- 
ments of an implanted pacemaker 
system. 
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Today and 
omorrow 








PERCENT OF PATIENTS 





well tolerated_.ni, 9% of 484 patients 


in 16 clinical trials, definitely or probably dropped ou 
due to side effects 





well tolerated 


dropouts 
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Effective control in (mild to moderate) hypertension 
usually with just 2 or 3 tablets daily. 

Low incidence of depression, and orthostatic 
hypotension. * 

The most common side effects are dry mouth, 
drowsiness, and sedation, which generally tend to dim- 
inish with time. As with other antinypertensives contain- 
ing diuretic agents, hypokalemia, hyperuricemia, and 

yperglycemia may occur. Drowsiness and sedation 
ay be alleviated by giving the larger portion of the 
divided dose at bedtime.?:? 

Convenient morning and bedtime dosage 
Scheduling. 





ombipres 


Each tablet contains: Catapres* (clonidine HC!) 1 and 2 
0.1 or 0.2 mg. and chlorthalidone. 15 mg . . 


HYPERTENSION 


Combipres is not indicated for initial therapy. It is for patients ie- 
sponsive to its components given separately in equivalent dosages 
Please see brief summary of the prescribing information on the last 
page of this ad for warnings, precautions, and adverse reactions 
*Orthostatic hypotension has been reported with chlorthalidone and 
may be potentiated when chlorthalidone is combined with alcohol 
barbiturates, or narcotics 


Combipres 12 


s* (clonidine HC |) 
a or 0 2 mg. and chlorthalidone. 15 mg 





ach tablet contains: Catapre 











Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension 
Hypertension requires therapy titrated to the 
individual patient. If the fixed combination rep- 
resents the dosage so determined, its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 
static, but must be reevaluated as conditions 
in each patient warrant 





Indication: The drug is indicated in the treatment 
of hypertension (see box warning) 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with se- 
vere renal or hepatic diseases 

Warnings: Tolerance may develop in some in- 
stances necessitating a reevaluation of therapy 
Usage in Pregnancy: In view of embryotoxicity 
findings in animals, and since information on pos- 
sible adverse effects in pregnant women is limited 
to uncontrolled clinical data. the drug is not rec- 
ommended in women who are or may become 
pregnant unless the potential benefit outweighs 
the potential risk to mother and fetus 

Usage in Children: No clinical experience is avail- 
able with the use of Combipres in children 
Precautions: When discontinuing Combipres, re- 
duce the dose gradually over 2 to 4 days to avoid 
a possible rapid rise in blood pressure and as- 
sociated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without con- 
sulting their physician. Rare instances of hyper- 
tensive encephalopathy and death have been re- 
corded after cessation of clonidine hydrochloride 
therapy. A causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
that an excessive rise in blood pressure. should it 
occur, can be reversed by resumption of Com- 
bipres therapy or by intravenous phentolamine 
Patients who engage in potentially hazardous ac- 
tivities, such as operating machinery or driving 
should be advised of the sedative effect of the 
clonidine hydrochloride component. This drug may 
enhance the CNS-depressive effects of alcohol, 
barbiturates and other sedatives. Like any other 
antihypertensive agent, Combipres should be 
used with caution in patients with severe coronary 
insufficiency, recent myocardial infarction, cere- 
brovascular disease or chronic renal failure 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While. except for some 
dryness of the eyes. no drug-related abnormal 
ophthalmological findings have been recorded 
with Catapres, in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneously occurring retinal 
degeneration in albino rats treated for 6 months or 
longer 

Patients predisposed toward or affected by dia- 
betes should be tested periodically while receiving 


Medicine 
for a 
future 


Combipres, because of the hyperglycemic effect 
of chlorthalidone 

Because of the possibility of progression of renal 
failure, periodic determination of the BUN is indi- 
cated. If, in the physician s opinion, a rising BUN 
is significant, the drug should be stopped 

The chlorthalidone component of Combipres may 
lead to sodium and or potassium depletion. Mus- 
cular weakness, muscle cramps. anorexia. 
nausea, vomiting, constipation, lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to detec- 
tion of hypokalemia in patients receiving adrenal 
corticosteroids, ACTH or digitalis. Hypochloremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chloride con- 
centrations. Also indicative of potassium depletion 
can be electrocardiographic alterations such as 
changes in conduction time. reduction in 
amplitude of the T wave. ST segment depression: 
prominent U wave. These abnormalities may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
Sibility of potassium deficiency. the diet. in additior 
to meat and vegetables. should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy. oral potassium supplements 
in the form of potassium chloride (3 to 4.5 gm 
day). fruit juice and bananas should be given 
Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness, headache, and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochloride: Anorexia, malaise, 
nausea, vomiting, parotid pain, mild transient ab- 
normalities in liver function tests; one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochloride, chlorthalidone and papaverine hy- 
drochloride. Weight gain. transient elevation of 
blood glucose, or serum creatine phosphokinase; 
congestive heart failure, Raynaud's phenomenon: 
vivid dreams or nightmares, insomnia, other be- 


havioral changes. nervousness, restlessness, anx- 


iety and mental depression. Also rash, angio- 
neurotic edema, hives, urticaria. thinning of the 
hair, pruritus not associated with a rash; impo- 
tence, urinary retention; increased sensitivity to 
alcohol, dryness. itching or burning of the eyes, 
dryness of the nasal mucosa, pallor, gynecomas- 
tia, weakly positive Coombs test, asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea, gas- 
tric irritation, anorexia, constipation and cramping, 
weakness. dizziness, transient myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chlorthalidone is combined 





with alcohol, barbiturates or narcotics. Skin 
rashes, urticana and purpura have been reported 
in a few instances 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently. This condition, usually reversible on dis- 
continuation of therapy, responds to control with 
antidiabetic treatment. Diabetics and those pre- 
disposed should be checked regularly. 

As with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout 
have been precipitated. In cases where prolonged 
and significant elevation of blood uric acid con- 
centration is considered potentially deleterious, 
concomitant use of a uricosuric agent is effective 
in reversing hyperuricemia without loss of diuretic 
and/or antihypertensive activity 

Idiosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranulo- 
cytosis, and necrotizing angiitis have occurred, 
but are rare. 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after prolonged 
administration 

Other adverse reactions which have been re- 
ported with this general class of compounds in- 
clude. jaundice, xanthopsia. paresthesia and 
photosensitization 

Overdosage: Catapres (clonidine hydrochloride): 
Profound hypotension, weakness, somnolence. 
diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres by 
several children from 19 months to 5 years of 

age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals abolishes 
all effects of Catapres overdosage 

Chlorthalidone: Symptoms of overdosage include 
nausea, weakness, dizziness, and disturbances of 
electrolyte balance. There is no specific antidote. 
but gastric lavage is recommended, followed by 
supportive treatment. Where necessary, this may 
include intravenous dextrose and saline with 
potassium administered with caution 

How Supplied: Combipres* 0.1 (Each tablet con- 
tains clonidine hydrochloride 0.1 mg + chlor- 
thalidone 15 mg). It is available as pink, oval, 
single-scored compressed tablets in bottles of 
100 

Combipres* 0.2 (Each tablet contains clonidine 
hydrochloride 0.2 mg + chlorthalidone 15 mg). It 
is available as blue, oval, single-scored com- 
pressed tablets in bottles of 100 

For corrplete details, please see full prescribing 
information 


References: 

1. Data on file at Boehringer Ingelheim Ltd. 
2. Pettinger WA: NEJM, 293:1179, 1975. 

3. Katz FH: Hosp Med, 13:34, 1977. 
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for Fluid Therapy 
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ie 1701, 1L702 and IL186 
team gives you a more comple 
picture of cardiopulmonary comditio 
and lets you prescribe fluid therapy with — 











greater confidence. 

1L701 Cardiac Output System IL186 WEIL ON 

For cardiac output by thermal dilution. For measurement O' 

Offers these advantages: pressure (COP) - : 

e most accurate instrument available Accurate, fast, easy to o) 

e probe senses injectate temperature at catheter The IL186 helps you: = 
e completely automated e quantitate risk of pulmonary e dem 
e 0°C to room temperature injectate e assess fluid balance — = 
e IL Catheters available: 7F-5F-2F e determine extent of cardiopulmone 


e predict survival potential 
The IL702 Recorder interfaces with the IL701 or e prescribe appropriate fluid therapy (crystal 
1L186 for record-keeping and quality control. vs. colloid) Ss 


For a demonstration of the IL Team, call IL toll-free: 800 225-4040. 
Or send for literature: 113 Hartwell Avenue, Lexington, MA 02173 





Q instrumentation Laboratory 
Biomedical Division 


Date: 3/14/78 
Clinical Comments: Normal sinus rhythm 
Rx: Continue on Quinaglute 1 tab q12h 


Date: 10/19/68 

Clinical Comments: Multiple pre- 
mature ventricular contractions 
Rx: Quinaglute 1 tab ql2h 





For nine and a half years 
(quinidine gluconate) 
has kept the pace for Mary L: 


*Based on actual case history (photos posed by professional model 
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Time-proven 


Quinaglute 


quinidine gluconate) 324 mg 


keeps the pace for patients 
with cardiac arrhythmias 


For Mary L. and hundreds of thousands of cardiac 
patients, QUINAGLUTE® Dura-Tabs® have helped 
maintain the pace of normal sinus rhythm over 
long-term therapy. In the 19 years since its intro- 
duction, QUINAGLUTE has amassed an impressive 
clinical record of therapeutic efficacy, safety and 
patient acceptance. 


Classic antiarrhythmic therapy — 
Time-proven for efficacy 

* in the management of PAC, PVC and atrial 
fibrillation 


Time-proven for reliability 

* in maintaining quinidine plasma levels for 
8 to 12 hours 

* in providing sustained control without peaks and 
valleys in plasma levels 


Time-proven for safety 
* low incidence of G.I. irritation 
* 19 years of patient and physician acceptance 


Time-proven for patient compliance 
* convenient dosage schedule that's easy to 
remember: | to 2 Dura-Tabs® every 8 or 12 hours 


Contraindications: Aberrant impulses and abnormal rhythms 
due to escape mechanisms should not be treated with quini- 
dine. 

Partial A-V or complete heart block, or intraventricular con- 
duction defects, especially those exhibiting a marked grade of 
QRS widening. Renal disease resulting in significant azotemia, 
or those developing cardiotoxic effects such as conduction de- 
fects, ventricular premature beats, ventricular tachycardia or 
flutter while on the drug. 

Marked cardiac enlargement, particularly with congestive 
failure, poor renal function, and especially renal tubular aci- 
dosis. Idiosyncrasy or hypersensitivity to quinidine. 


Warnings: In the treatment of atrial flutter, reversion to sinus 
rhythm may be preceded by a progressive reduction in the de- 
gree of A-V block to a 1:1 ratio resulting in an extremely rapid 
ventricular rate. 


Precautions: The precautions to be observed include all those 
applicable to quinidine. A preliminary test dose of a single tablet 
of quinidine sulfate should be administered to determine if the 
patient has an idiosyncrasy to quinidine. Hypersensitivity to 
quinidine, although rare, should constantly be considered, 
especially during the first weeks of therapy. 

Quinidine in large doses may reduce the contractile force of 
the heart, therefore, extreme caution should be exercised in 
using the drug in patients with severe heart disease, hypoten- 
sion or digitalis intoxication. 

It should be administered cautiously, if at all. to senile pa- 
tients. Hospitalization for close clinical observations, electro- 
cardiographic monitoring, and possibly plasma quinidine 
levels, is indicated when large doses are used, or with patients 
who present an increased risk. 


Adverse reactions: Cinchonism, tinnitus, decreased auditory 
acuity, vertigo, headache, blurred vision, color perception dis- 
turbances, photophobia, diplopia, night blindness, scotomata, 
reduced visual fields, mydriasis, hypotension, respiratory dis- 


* h.s. dose helps avoid early morning reversion tress, and gastrointestinal disturbances. 10121 


OO 


Laboratories, Inc. 
Wayne, New Jersey 07470 


For full information please refer to package insert. 
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Light, thin, 
cosmetically 
preferred. 


The Telectronics 
Slimline 160 B. 


U.S.A. 
8515 East Orchard Road, Englewood, Colorado 80111 


~ 77 


e 48 grams 
light 
* 11 mm thin 


Canada 
6299 Airport Road, Mississauga, Ontario L4VIN3 





17 years of pacemaking history. ..a cumulative 
survival rate of studied Telectronics lithium pacers 
at fifty-one months is greater than 99.5%. An 
updated Reliability Report is now available. 


Europe 
35 Ivor Place, London NWI, UK 


TELECTRONICS 


You and Telectronics. Partners for life. 


Australia (and the rest of the world) 
2 Sirius Road, Lane Cove, Sydney, NSW 2066 
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Introducing a unique 
new antiarrhythmic 
for the crisis of 


ventricular fibrillation 


BRETYLOL 


(bretylium tosylate) 


Not meant to imply time relationship BRETYLOL  (bretylium tosylate) is indicated in the treat- 

between administration of Bretylol ment of life-threatening ventricular arrhythmias, princi- 

"t petignikrosponse. pally ventricular fibrillation and ventricular tachycardia, 
that have failed to respond to first-line therapy. 


B ETYLOL ir | At present, Bretylol should not be considered a first- 
tosylate | line antiarrhythmic agent. Use of Bretylol should be 
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limited to facilities where equipment for constant 
monitoring of arrhythmias is available. 
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BRETYLOL: in ventricular fibrillation 

In reported clinical situations, BRETYLOL® (bretylium 
tosylate) was effective in conjunction with electrical cardio- 
version, even in patients refractory to other antiarrhythmic 
therapies. BRETYLOL raised the ventricular fibrillation 
threshold in animal studies. Suppression of ventricular 
fibrillation usually occurs within minutes following intra- 
venous administration, the effect generally lasting 6 to 8 
hours. 


BRETYLOL: in ventricular tachycardia 

Inclinical studies, BRETYLOL was effective in the manage- 
ment of ventricular tachycardia and other ventricular ec- 
topic rhythms, even those recurrent and refractory to 
existing antiarrhythmic therapies. Clinical benefits can 
usually be observed 20 minutes or more following paren- 
teral administration with duration of action 6 to 8 hours. 


BRETYLOL: effects on cardiac function 

Unlike other antiarrhythmic drugs, BRETYLOL has dem- 
onstrated (in animai studies) a positive inotropic effect on 
the myocardium and did not significantly decrease A-V 
conductivity. In man, BRETYLOL generally did not depress 
myocardial function and maintained cardiac output. These 
effects may be due to release of norepinephrine from 
nerve terminals, potentiation of the effects of endogenous 
catecholamines and/or a direct action on the myocardium. 


BRETYLOL: contraindications/adverse reactions 

There are no contraindications for BRETYLOL in the 
treatment of ventricular fibrillation or life-threatening 
refractory ventricular arrhythmias. 

The principal adverse reaction is hypotension, usually 
postural. This is due to reduction of peripheral vascular 
sympathetic tone, not to depression of myocardial function. 

Due to the initial release of norepinephrine from the 
adrenergic postganclionic terminals, there may be initial 
transient increases in blood pressure, heart rate and/or 
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PVC's. These generally return promptly to preadminisi 
tion levels. : 

Nausea and vomiting can usually be obviated by 1 
slow intravenous administration of a dilute solution 
BRETYLOL. 

For a full description of adverse reactions, please re 
to the complete prescribing information on the last pa 
of this advertisement. 

Bretylol Clinical Studies 


Holder, D.A., Sniderman, A.D., Fraser, D.G. and Fallen, E. Experience v 
bretylium tosylate by a hospital cardiac arrest team. Circulation. 55:541-E 
1977. (Reference No. 1) 


Bernstein, J.G. and Koch-Weser, J Effectiveness of bretylium tosyl 
against refractory ventricular arrhythmias. Circulation. 45:1024-10 
1972. (Reference No. 2) 


Cohen, H.C., Gozo, E.G., Langendor?, R., Kaplan, B.M., Chan, A., Pick, 
and Glick, G. Response of resistant ventricular tachycardia to bretylit 
Circulation. 47:331-340, 1973. (Reference No. 3) 


Chatterjee, K., Mandel, W.J., Vyden. J.K., Parmley, W.W. and Forrest 
J.S. Cardiovascular effects of bretylium tosylate in acute myocar 
infarction. JAMA. 223:757-760, 1973. (Reference No. 5) 

Dhurandhar, R.W., Teasdale, S.J. and Mahon, W.A. Bretylium tosylate 
the management of refractory ventricular fibrillation. Can. Med. Assoc 
105:161-166, 1977. (Reference No. 7) 

Sanna, G. and Arcidiacono, R. Chemical ventricular defibrillation of ! 
human heart with bretylium tosylate. Am. J. Cardiol. 32:982-987, 19 
(Reference No. 9) 

Bretylol Pharmacological Studies 


Bigger, J.T. and Jaffe, C.C. The effect of bretylium tosylate on the el 
trophysiologic properties of ventricular muscle and Purkinje fibers. Am 
Cardiol. 27:82-92, 1971. (Reference No. 10) 


Bacaner, M. Quantitative comparison of bretylium with other antifib 
latory drugs. Am. J. Cardiol. 21:504-512, 1968. (Reference No. 13) 


Cardinal, R. and Sasyniuk, B.I. Electrophysiological effects of bretylit 
tosylate on subendocardial Purkinje fibers from infarcted canine hear 
J. Pharmacol. Exp. Ther. 204:159-174, 1978. (Reference No 17) 
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ETYLOL ise 


BRETYLOL INJECTION 


FOR INTRAMUSCULAR OR INTRAVENOUS USE 


DESCRIPTION 
BRETYLOL (bretylium tosylate) is o-Bromobenzy! ethyldimethylammonium 
p-toluene sulfonate. The chemical structure is: 


CHs + = 
U 
CH;-N- C2Hs CH; SO; 
CH3 
Br 
CisHz4BrNOSS Mol. Wt. 414.39 


|BRETYLOL is a white, crystalline powder with an extremely bitter taste. It is 
freely soluble in water and alcohol. Each mi of sterile, pyrogen-free solution 
contains 50 mg bretylium tosylate in Water for Injection, USP. The pH is 
adjusted, when necessary, with dilute hydrochloric acid or sodium hydroxide. 
BRETYLOL contains no preservative. 


CLINICAL PHARMACOLOGY 

BRETYLOL (bretylium tosylate) is a bromobenzy! quaternary ammonium com- 
pound which selectively accumulates in sympathetic ganglia and their post- 
ganglionic adrenergic neurons where it inhibits norepinephrine release by 
depressing adrenergic nerve terminal excitability. 

BRETYLOL also suppresses ventricular fibrillation and ventricular ar- 
rhythmias. The mechanisms of the antifibrillatory and antiarrhythmic actions 
lof BRETYLOL are not established. In efforts to define these mechanisms, 
the following electrophysiologic actions of BRETYLOL have been demon- 
strated in animal experiments: 


1. Increase in ventricular fibrillation threshold. 


. Increase in action potential duration and effective refractory period without 
langes in heart rate. 


3. Little effect on the rate of rise or amplitude of the cardiac action potential 
Phase 0) or in resting membrane potential (Phase 4) in normal myocardium. 

owever, when cell injury slows the rate of rise, decreases amplitude, and 
lowers resting membrane potential, BRETYLOL restores these parameters 
oward normal. 


. Increase in impulse tormation and spontaneous firing rate of pacemaker 
issue as well as increased ventricular induction velocity. 


e restoration of injured myocardial cell electrophysiology toward normal, 
(Prescribing Information continued below) 








B STE 

| EHE d 

| EB 
T. BH Hi 
S 





s well as the increase of the action potential duration and effective refractory 
eriod without changing their ratio to each other, may be important factors in 
pressing re-entry of aberrant impulses and decreasing induced dispersion 
f local excitable states. 

BRETYLOL induces a chemical sympathectomy-like state which resem- 
es a surgical sympathectomy. Catecholamine stores are not depleted by 
RETYLOL, but catecholamine effects on the myocardium and on peripheral 
ascular resistance are often seen shortly after administration because 
IRETYLOL causes an early release of norepinephrine trom the adrenergic 
pstganglionic nerve terminals. Subsequently, BRETYLOL blocks the re- 
ase of norepinephrine in response to neuron stimulation. Peripheral ad- 

ergic blockade regularly causes orthostatic hypotension but has less 
fect on supine blood pressure. The relationship of adrenergic blockade to 

e antifibrillatory and antiarrhythmic actions of BRETYLOL is not clear. In a 

dy in patients with frequent ventricular premature beats, peak plasma 
pncentration of BRETYLOL and peak hypotensive effects were seen within 

e hour of intramuscular administration, presumably reflecting adrenergic 
puronal blockade. However, suppression of premature ventricular beats was 
pt maximal until 6-9 hours after dosing, when mean plasma concentration 
Bd declined to less than one-half of peak level. This suggests a slower 
echanism, other than neuronal blockade, was involved in suppression of 
e arrhythmia. On the other hand, antifibrillatory effects can be seen within 
linutes of an intravenous injection, suggesting that the effect on the 
lyocardium may occur quite rapidly. 

BRETYLOL has a positive inotropic effect on the myocardium, but it is 
pt yet certain whether this effect is direct or is mediated by catecholamine 


ease. 

BRETYLOL is eliminated intact by the kidneys. No metabolites have been 
entified following administration of BRETYLOL in man and laboratory ani- 
Bis. In man, approximately 70 to 80% of a '^C-labelled intramuscular dose 
excreted in the urine during the first 24 hours. with an additional 1096 
reted over the next three days. 





In various studies of BRETYLOL excretion, estimates of the terminal half- 
life have varied from about 5 to about 10 hours, with an even wider range in 
individual subjects (4 to 17 hours). Whether this represents true intrapatient 
variability or limitations of methodology remains to be determined. 


Effect on Heart Rate: There is sometimes an initial small increase in heart 
rate when BRETYLOL is administered. but this is an inconsistent and tran- 
Sient occurrence. 


Hemodynamic Effects: Following intravenous administration of 5 mg/kg of 
BRETYLOL to patients with acute myocardial infarction, there was a mild 
increase in arterial pressure, followed by a modest decrease, remaining 
within normal limits throughout. Pulmonary artery pressures, pulmonary cap- 
illary wedge pressure, right atrial pressure, cardiac index, stroke volume 
index, and stroke work index were not significantly changed. These hemody- 
namic effects were not correlated with antiarrhythmic activity. 

Onset of Action: Suppression of ventricular fibrillation is rapid, usually 
occurring within minutes following intravenous administration. Suppression 
of ventricular tachycardia and other ventricular arrhythmias develops more 


- slowly, usually 20 minutes to 2 hours after parenteral administration. 


INDICATIONS 

BRETYLOL is indicated in the treatment of life-threatening ventricular ar- 
rhythmias, principally ventricular fibrillation and ventricular tachycardia, that 
have failed to respond to adequate doses of a first-line antiarrhythmic agent, 
such as lidocaine or procainamide. At this time, BRETYLOL should not be 
considered a first-line antiarrhythmic agent. 

Use of BRETYLOL should be limited to intensive care units, coronary 
care units or other facilities where equipment and personnel for constant 
monitoring of cardiac arrhythmias and blood pressure are available. 

Following injection of BRETYLOL there may be a delay of 20 minutes to 2 
hours in the onset of antiarrhythmic action, although it appears to act within 
minutes in ventricular fibrillation. The delay in effect appears to be longer 
after intramuscular than after intravenous injection. 
CONTRAINDICATIONS 
There are no contraindications to use in treatment of ventricular fibrillation 
or life-threatening refractory ventricular arrhythmias. 


WARNINGS 

1. Hypotension: Administration of BRETYLOL regularly results in postural 
hypotension, subjectively recognized by dizziness, light-headedness, vertigo 
or faintness. Some degree of hypotension is present in about 50% of patients 
while they are supine. Hypotension may occur at doses lower than those 
needed to suppress arrhythmias. 


Patients should be kept in the supine position until tolerance to the 
hypotensive effect of BRETYLOL develops. Tolerance occurs unpredict- 
ably but may be present after several days. 


Hypotension with supine systolic pressure greater than 75 mm Hg need not 
be treated unless there are associated symptoms. If supine systolic pressure 
falls below 75 mm Hg, an infusion of dopamine or norepinephrine may be 
used to raise blood pressure. When catecholamines are administered, a 
dilute solution should be employed and blood pressure monitored closely 
because the pressor effects of the catecholamines are enhanced by 
BRETYLOL. Volume expansion with blood or plasma and correction of dehy- 
dration should be carried out where appropriate. 


2. Transient Hypertension and Increased Frequency of Arrhythmias: 
Due to the initial release of norepinephrine from adrenergic postganglionic 
nerve terminals by BRETYLOL, transient hypertension or increased frequency 
of premature ventricular contractions and other arrhythmias may occur in 
some patients. 


(Prescribing Information continued below) 
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3. Caution During Use with Digitalis Glycosides: The initial release of 
norepinephrine caused by BRETYLOL may aggravate digitalis toxicity. When 
a life-threatening cardiac arrhythmia occurs in a digitalized patient, 
BRETYLOL should be used only if the etiology of the arrhythmia does not 
appear to be digitalis toxicity and other antiarrhythmic drugs are not effec- 
tive. Simultaneous initiation of therapy with digitalis glycosides 
and BRETYLOL should be avoided. 


4. Patients with Fixed Cardiac Output: In patients with fixed cardiac 
output (Le. severe aortic stenosis or severe pulmonary hypertension) 
BRETYLOL should be avoided since severe hypotension may result from a 
fall in peripheral resistance without a compensatory increase in cardiac 
output. If survival is threatened by the arrhythmia, BRETYLOL may be used 
but vasoconstrictive catecholamines should be given promptly if severe 
hypotension occurs 


USE IN PREGNANCY 

The safety of BRETYLOL in human pregnancy has not been established. 
However, as the drug is intended for use only in life-threatening situations, it 
may be used in pregnant women when its benefits outweigh the potential 
risk to the fetus. 


USE IN CHILDREN 

The safety and efficacy of this drug in children has not been established. 
BRETYLOL nas been administered to a limited number of pediatric patients, 
but such use has been inadequate to define fully proper dosage and limita- 
tions for use. 

PRECAUTIONS 

1. Dilution for Intravenous Use: BRETYLOL should be diluted (one part 
BRETYLOL with four parts of Dextrose Injection, USP or Sodium Chloride 
Injection, USP) prior to intravenous use. Rapid intravenous administration 
may cause severe nausea and vomiting. Therefore, the diluted solution should 
be infused over a period greater than 8 minutes. In treating existing ventric- 


ular fibrillation BRETYLOL should be given as rapidly as possible and may 
be given without dilution. 


2. Use Various Sites for Intramuscular Injection: When injected in- 
tramuscularly, not more than 5 mi should be given in a site, and injection 
sites should be varied since repeated intramuscular injection into the same 
Site may cause atrophy and necrosis of muscle tissue, fibrosis, vascular 
degeneration and inflammatory changes. 


3. Reduce Dosage in Impaired Renal Function: Since BRETYLOL is 
excreted principally via the kidney, dosage should be reduced in patients 
with impaired renal function 


ADVERSE REACTIONS 

Hypotension and postural hypotension have been the most frequently re- 
ported adverse reactions (see Warnings section) Nausea and vomiting oc- 
curred in about three percent of patients, primarily when BRETYLOL was 
administered rapidly by the intravenous route (see Precautions section). 
Vertigo, dizziness, light-headedness and syncope, which sometimes accom- 
panied postural hypotension, were reported in about 7 patients in 1000. 

Bradycardia, increased frequency of premature ventricular contractions, 
transitory hypertension, initial increase in arrhythmias (see Warnings section), 
precipitation of anginal attacks, and sensation of substernal pressure have 
also been reported in a small number of patients, i.e., approximately 1-2 
patients in 1000. 

Renal dysfunction, diarrhea, abdominal pain, hiccups, erythematous mac- 
ular rash, flushing, hyperthermia, confusion, paranoid psychosis, emotional 
lability, lethargy, generalized tenderness, anxiety, shortness of breath, dia- 
phoresis, nasal stuffiness and mild conjunctivitis, have been reported in 
about 1 patient in 1000. The relationship of BRETYLOL administration to 
these reactions has not been clearly established. 


DOSAGE AND ADMINISTRATION 
BRETYLOL is to be used clinically only for treatment of life-threatening 
ventricular arrhythmias under constant electrocardiographic monitoring. Since 
there is a delay in onset of its antiarrhythmic action, BRETYLOL is not to be 
considered or used as a replacement for rapidly-acting antiarrhythmic agents 
currently in use. The clinical use of BRETYLOL is for short-term use only. 
Patients should either be kept supine during the course of BRETYLOL ther- 
apy or be closely observed for postural hypotension. The optimal dose sched- 
ule for parenteral administration of BRETYLOL has not been determined. 
There is comparatively little experience with dosages greater than 
30 mg/kg/day, although such doses have been used without apparent ad- 
verse effects. The following schedule is suggested 
A. For Immediately Life-threatening Ventricular Arrhythmia, as in 
Ventricular Fibrillation: Administer undiluted BRETYLOL at a dosage of 
5 mg/kg of body weight by rapid intravenous injection. Other usual cardio- 
pulmonary resuscitative procedures, including electrical cardioversion, should 
be employed prior to and following the injection in accordance with good medical 
practice. If ventricular fibrillation persists, the dosage may be increased to 10 
mg/kg and repeated at 15 to 30 minute intervals until a total dose of not more 
than 30 mg/kg of body weight has been given. For maintenance dosage, see 
below. 
B. Other Ventricular Arrhythmias: 
1. Intravenous Use: BRETYLOL must be diluted as follows before 
intravenous administration: Using aseptic technique, dilute contents of 
one BRETYLOL ampul (10 mi containing 500 mg bretylium tosylate) to a 
mammo 50 mi with Dextrose Injection, USP or Sodium Chloride Injec- 
tion, USP. 

Administer the diluted solution at a dosage of 5 to 10 mg BRETYLOL per 
kg of body weight by intravenous infusion over a period greater than 8 min- 
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utes. More rapid infusion may cause nausea and vomiting. A second dose 
may be given in 1 to 2 hours if the arrhythmia persists. 


2. For intramuscular Injection: (Do not dilute BRETYLOL prior to intra- 
muscular injection.) inject 5 to 10 mg BRETYLOL per kg of body weight. 
Dosage may be repeated in 1 to 2 hours if the arrhythmia persists. There- 
after maintain with same dosage every 6 to 8 hours. 

Intramuscular injection should not be made directly into or near a major 
nerve, and the site of injection should be varied on repeated injection. 


C. Maintenance Dosage: The diluted BRETYLOL solution may be admin- 
istered by intermittent bolus infusion or by constant infusion. 

1. Intermittent Infusion: infuse the diluted solution at a dosage of 5 to 10 
mg BRETYLOL per kg body weight, over a period greater than 8 minutes, 
every 6 hours. More rapid infusion may cause nausea and vomiting. 


2. Constant infusion: infuse the diluted solution at a dosage of 1 to 2 mg 
BRETYLOL per minute. 


Dosage of BRETYLOL should be reduced and discontinued in 3 to 5 days 
under electrocardiographic monitoring. Other appropriate antiar- 
rhythmic agents should be substituted, if indicated. 


HOW SUPPLIED 

NDC 0094-0012-10: 10 mi ampul containing 500 mg bretylium tosylate in 
Water for Injection, USP. pH adjusted, when necessary, with dilute hydro- 
chloric acid or sodium hydroxide. Sterile, pyrogen-free. July 1978 


McGaw Park. Illinois 60085 


e ARNAR-STONE LABORATORIES, INC. 
A Subsidiary of American Hospital Supply Corporation 


EXERCISE 
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Just published, this comprehensive work covers every aspect of 
exercise and its role in Diagnosis, Treatment, and Prevention of 
cardiac disease. 

The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 

Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 

physiological oases and clinical applications 

O Nuclear cardiology 

Computer analysis of the exercise ECG 

Stress myocardial scintigraphy 

O Various interpretations of exercise tests in the asymptomatic 
population 

The editors have brought together a distinguished group cf 

specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to /ook it over before buying it. 

Send for your copy of Exercise in Cardiovascular Health and 

Disease today. Then use it for 30 days without risk. 




















a new publication . 





. . for every professional 
with an interest in Exercise and the Heart 


. 


in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine 
Jack H. Wilmore. PhD, Professor and Head Dept 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 


Yorke Medical Books 
666 FIFTH AVE., 
NEW YORK, N.Y. 10019 


Please send me a copy of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE for 30 days free examination and use. If | decide to keep it, 
your invoice will be honored ($33.00 plus shipping cost). Otherwise, the 
book will be returned for full credit or refund. 


O Full payment enclosed, publisher absorbs shipping cost 
O Send invoice (U.S. and Canada only) 


(Countries outside Western Hemisphere: prepay in U S. funds and add $5. to price) 
New York residents add applicable sales tax 
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SEND MORE INFORMATION ON THE 
UMI 2000 CARDIORECORDER 


NAME 





ADDRESS 


@ UNIVERSAL MEDICAL 
[7] INDUSTRIES, INC. 
P.O. BOX 1167 


BOCA RATON, FL 33432 
305-392-5577 
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YOU HAVE TO COMPARE 
TO APPRECIATE 


UMI 2000 CARDIORECORDER 
FOR SUPERIOR LONG TERM ECG MONITORING 















Actual Size 6" x 3" x 194, " 


* SIZE * WEIGHT * COST * 












The inside story of 
stimulation threshold 
and QRS strength. 


As told by 
the human heart. 


Vitatest is a sophisticated testing instrument that tells 
you at a glance all the intracardiac measurements 
you need to know during lead implantation. 

It works with two rows of lights, arranged in 
vertical arrows. One lets you determine stimulation 
threshold in mA or V. Easy-to-read flashing lights 
indicate high-low trends. 

| The other gives you instant QRS signal 
strength as seen by the implanted pacemaker. 
A simpler, more effective way to test. 
Vitatest can also function as an external pulse 
generator in both ventricular inhibited and asynchro- 
nous modes. Overdrive pacing up to 380 ppm. 

Another important aspect of our Vitatest is 
patient safety. There is a locking mechanism that pre- 
vents inadvertent changing of output characteristics. 
Plus, special audio-visual alerts for both battery deple- 
tion and input interference. 

Human engineered and tough enough for use 
in any environment. 

For detailed specifi- 
cations, write Vitatron 
Medical b.v., PO Box 76, 
Kanaalweg 24, Dieren, 
The Netherlands. In the 

United States: Vitatron 
Medical Inc., One 
Gateway Center, Newton, 
MA 02158. 
























(C) 1979 Vitatron Medical Inc. 
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A new angle 








60° Cranial 45° LAO, 30° Cranial 


30° RAO 20° RAO, 15° Caudal 
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60° Cranial 


Space-saving design of the new GE system 
(above) is compared to a conventional unit (below). 








Lateral 








GE’s new L/U system 
gives you compact design 
and motorized positioning. 


Here's a new vascular system that provides the 

full range of imaging positions for cardiac, neuro, 
abdominal and peripheral angiography without patient 
rotation or movement. It requires one-third less floor 
Space than a conventional system... and costs less too. 


It's the new L/U system from General Electric. 


Either motorized or manual positioning can be 
used to rapidly obtain AP, PA, lateral, oblique or 
compound views. 


The unique stand allows universal positioning of the 
tube and intensifier anywhere in the transverse, vertical 
and longitudinal axes. The table provides triaxial 
movement plus rotary positioning to cover the entire 
anatomical range. And the low absorption carbon fiber 
reinforced top facilitates high contrast studies. 


You'll also get the proven performance of the 
Fluoricon® 300 intensifier. With 9" triple field capability. 
And superior 14.5 megahertz bandwidth video imaging 
with high mA cine and photospot recording. 
Resolution, contrast ratios and quantum detection 
efficiency are optimized for vascular procedures. 


Ask your GE representative about the new L/U 
System. It gives you all the angles and all the room 
you'll ever need. 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid. 


You'd expect it from GE. 
GENERAL QD ELECTRIC 
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This is the Quinton Model 18-54 Cardio Exercise 
Treadmill. It's the world’s most popular model and you'll 
find it serving around the world, adding a touch of quality 
to all kinds of stress test systems. 

Here are a few reasons for popularity. Value — its 
mileage-tested mechanical components and endless 
nylon belt assure a long trouble-free life. Versatility — 
spacious 18-by-54 inch non-skid walking surface, plus 
easy-access low profile, make it ideal for a wide range of 
applications including physicians’ offices, clinics, hos- 
pitals, institutions and industries. Convenience — stan- 
dard remote control panel provides easy, metered 
regulation of belt speeds from 1 to 10 mph and grades 





from 0 to 25 with push-button ease. 

The 18-54 is one of many models and sizes of Quinton 
treadmills, ranging from a unit used in small animal 
laboratory research to a 24-by-72 inch clinical research 
model. They are all designed to interface with a range of 
quality Quinton electronic exercise test components to 
provide the most complete family of stress test systems 
available. 

If you're looking at stress test systems, be sure you 
look at the total picture. Quinton can help you develop a 
complete system, integrating equipment and elec- 
tronics precisely to your needs. We'll show you why you 
can't beat the system! 


uinton's always 


in the picture 
QUINTON 


INSTRUMENT COMPANY 
2121 Terry Ave./ Dept. T-4-B/Seattle, WA 98121/(206) 223-7373/Toll Free 1-800-426-0538/Telex 32-8840 792 
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THE ROGERS HEART FOUNDATION 





;..is pleased to announce our 1979 Continuing Education Meetings. This year, join us on the relaxing beaches of Puerto Ricoor : 
Florida, or travel with us to the Klondike Days in Canada or the sophistication of London to keep abrest of current cardiology. We 
proudly continue to offer you seminars of the highest caliber in unequalled surroundings. 


if you would like to be on the Rogers Heart Foundations mailin 


g list for all Continuing Education Meetings, fill out the form below — 


and mail to Rogert Heart Foundation, 601 - 12th Street North, St. Petersburg, Florida 33705. 


THE 12th ANNUAL WORKSHOP IN ELECTROCARDIOGRAPHY 


May 3- 7, 1979 

Caribe Hotel, San Juan, Puerto Rico 

Fee: $125.00 

Credit: 20.5 Hrs. AMA Category |; AAFP Prescribed; FMA 
Prescribed; ACEP Category | 

Director: Henry J.L. Marriott, M.D., St. Petersburg, Florida 


THE 4th CANADIAN SUMMER WORKSHOP 
IN ELECTROCARDIOGRAPHY 
July 28 - 31, 1979 
Edmonton, Alberta 
Fee: $125.00 
Credit: 24 hrs. AMA Category |, AAFP Prescribed: ACEP 
Category | Topics: Electrophysiology, Diagnosis and 
Treatment of Arrhythmias and Blocks 
Faculty: Henry J.L. Marriott, M.D., St. Petersburg, Florida 
Jody Decker, R.N., Toronto, Ontario 








17th ANNUAL SEMINAR IN CARDIOLOGY 


September 4 - 11, 1979 
London, England 
Fee: $200.00 E 
Credit: 24 Hrs. AMA Category |; AAFP Prescribed: ACEP 
Category I; Selected Topics in Cardiology 
Faculty: international 
Dr. Ross Fletcher, Washington, D.C. 
Dr. Desmond Julian, Newcastle England 
Dr. Henry J.L. Marriott, St. Petersburg, Florida 
Dr. Neil Moore, Philadelphia, Pennsylvania 
Dr. Demetrio Sodi-Pallares, Mexico City, Mexico 
Dr. Jack Spittell, Rochester, Minnesota 
Dr. Edward Swanick, St. Petersburg, Florida 
Dr. Louis Teichholz, New York City, New York 
Dr. Hein J. J. Wellens, Maastricht, The Netherlands 


THE 19th WORKSHOP IN ELECTROCARDIOGRAPHY 


October 4 - 8, 1979 

Clearwater Beach, Florida 

Fee: $100.00 : 

Credit: 24 Hrs. AMA Category |; AAFP Prescribed Hrs; FMA 
Prescribed Hrs; ACEP Category | 
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THERMODILUTION CARDIAC 
OUTPUT COMPUTER 


MODEL 
3500E 


Latest bedside 
cardiac output 
computer monitoring 
technology. 


MODEL 
3501 


Companion auto- 
matic recorder for 
thermoditution curve. 


Features: 
* ACCURATE cardiac outputs e AUTOMATIC body and 

~ adult and pediatric ranges injectate temperatures 
* SIMPLE pushbutton * AUTOMATIC thermal curve 


operation recording 
* ADJUSTABLE test * CHOICE ot injectate volume 
calibration and temperature 


e SERVICEABLE — interchangeable circuitry 





















Connections Proximal m DN 
d € PA — "ias. ; "uk 
Distal — ae | 


THERMODILUTION 
CATHETERS 


injectate Lumen 
30 zm proximal —7 F 
15 cm proximal —5F 






Thermistor 


i 1X cc Balloon 7 
inflation inflated 


Syringe Balloon 







arkings, = 
j every 10cm 








Thermistor CUT CVP— 








H 


4 


Features: 

* Convenient and complete e Tapered tip — pressure fidelity 
sterile packaging and introduction 

* Precalibrated and s Thermistor located inside J 
interchangeable curve —prevents PA. wall contact 


* Adult, pediatric and direct * Balloon protection shieid 
placement sizes 








For additional information contact Ross A. Linnemann 
KIMRAY MEDICAL ASSOCIATES 
53 N.W. 42nd, Oklahoma City, Oklahoma 73118 
imc 


{405} 525-3623 
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-ISORDIL - 
(isosorbide dinitrate) 
HELPS THE HEART 
IN THE CONTROL OF 
ANGINA PECTORIS’ 











Li f 
to abort opfffevent «für.more accurate | ftoprovide - 
| acute difigina attacks titration of dosage to , Bustained. 
SUBLINGUAL )revent angina attacks | | / prophylaxis — 5 
god fablets, 2-4 mg and 5 mg ISORDII* TITRADOSE* + i against angina 





SORDI 


ications: Based onia review of this drug by the National Academy of 
sciences — National Research Council and/or other information, FDA has 
clasgiffed:the indications as follows: 
"Prdbably" effective: When taken by the sublingual or chewable route, 
bliagual and Chewable Tablets are indicated for the treatmerit of 
na as and for prophylaxismsituations likely to provoke 








ac 

"Possibly effective: Whentaken by 
the relief of angina bactoris {pai 
tended to abort the acute 
useful in the propa boe eatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 5 


oral route, Isordil is indicated for 
isease). It is not in- 
episode, but i$ widely regarded as 












to this drug. 
Warnings: Data supporting the usted ie irte early days of the 


Contraindication: Idiosyncfà PETS 
acute phase of myocardial infarction | riod during which clinical and 
laboratory findings are unstable) are insufficient to-establish safely. 
Precautions: Tolerance to this drug and cross-tolerance to other nitrites and 
nitrates may occur. 


Oral Tablets with E.Z. Split® scoring: 
5mg, long, and 20 mg 











The established use of Isordil in the manage- 
ment of angina pectoris for more than two 
decades has often been ascribed only to the vaso- 
dilatation it produces in the coronary arteries. 
Recent investigations, however, suggest that an 
even more important effect of this agent is to 
dilate peripheral arteries and veins. Arterial dila- 
tation lowers impedance to left ventricular ejec- 
tion, reducing afterload. Venous dilatation leads 
to venous pooling and a fall in right and left ven- 
tricular filling pressure, thus reducing preload. 

With afterload and preload reduced, the 
amount of energy expended and oxygen con- 
sumed by the heart should be decreased. Isordil 
canthus reduce myocardial oxygen requirements 
and relieve or prevent attacks of angina pectoris. 

















Í f ISORDIL TEMBIDS® Capsule: 
! Sust Vec-Action Capsules, 40 m 


Adwetse Rea C with flushing. Headache iS, com: 
ion and may be sevége anc persistent. TranStent episodes of dizziness and — 

weakness as well as/afher signs of cerebral iscMgmia associated with 

postural hypotensi jj ay obcasiona velop. This drug can act as a 

physiological antagdhist fo Rorepinephring, acetylcholine, histamine, and 

many other agents An occasional individual exhibits Marked sensitivity to 

the hypotensive 4 t$ of nitrite, and severa responsés (nausea, vomiting, 

ri 





—. d a 
ons: Caltanebus vasddila 






weakness, resti 255. pallor; perspiration and collapse) can occur even 







with the usual therapeutic dose. ee dd enhance this effect. Drug rash 
and/or. xfoliati dermatitis may occasionally occur. 


Consult directi : cular before prestribing. 
“May we send you reprints, detailed information and/or professional 
> 


samples? = 
g] 


IVES LABORATORIES INC. (22), 


New York, New York 10017 
DEDICATED TO IMPROVING THE QUALITY OF LIFE THROUGH MEDICINES..." 


*0 S. Pat, Nos. 3883647 and 0224591 TEMBIOS®— TRADEMARK FOR SUSTAINED-ACTION CAPSULE 
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DEMAND THE 
ULTIMATE IN 
PERFORMANCE, 
| VARIAN BRINGS: 


] m High Resolution 

| Real-Time Imaging 

m Proven Quality 
and Service 


m Sustained R & D 
Commitment 


| m History of Updating 
Existing Instruments 
with New Developments- 
Protection Against 
Obsolescence 


m Exceptional 
Examination Speed 































A LASTING INVESTMENT 
! IN REAL-TIME 
| ULTRASOUND 


For ventricular arrhythmias. 
For atrial arrhythmias. 


For smooth, trouble-free conversion. 


For steady maintenance. 


N- 


ns 


L 


rj Greater GI tolerance 
than with quinidine sulfate 
ti Full quinidine cardiodynamics 
o Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether wit" CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. ort.i.d. dosage cf this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of tne quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, od. 8, Ba timore, Williams and Wilkins Co., 1972, p. 456. 
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BRIEF SUMMARY—INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturonate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial tachycardia; paroxys- 
ma! AV junctional rhythm: atriai flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not asscciated with complete heart- 
block; maintenance therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulses and 
abnormal rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatmert of atrial flutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree of AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rete. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, bcth for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhythm 
is not restored after 3 or 4 equal doses, the dose may be increased 
by Y2 to 1 tablet (137.5 to 275 mg.) and administered three to four 
times before any furthér dosage increase. For maintenance, one 
tablet may be used two to three times a day; generaily one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 100. 3] 
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o one antihypertensive agent is appropriate and sideration, such as children or those with renal 
effective for all patients, and ALDOMET* (Methyldopa, impairment (see Prescribing Information for details 
SD) is no exception. But it is logical therapy for a wide on dosage). 
ange of hypertensives. Logical because it lowers blood ALDOMET (Methyldopa, MSD) is contraindicated 
pressure apparently by lowering peripheral resistance— in active hepatic disease, hypersensitivity to the drug, 
hile cardiac output is usually maintained. and if previous methyldopa therapy has been 


Highly effective in mild, moderate, or severe hyper- associated with liver disorders. 
ension, ALDOMET is useful when there has been an It is important to recognize that a positive Coombs 
nadequate response to initial thiazide therapy, or as test, hemolytic anemia, and liver disorders may occur 
nitial therapy when thiazides are inappropriate or with methyldopa therapy. The rare occurrences of 
ontraindicated (for example, when the patient is hemolytic anemia or liver disorders could lead to 
ypersensitive to sulfonamide-derived drugs). It is potentially fatal complications unless properly recog- 
Also appropriate for many hypertensive patients for nized and managed. For more details, please see the 
hom the selection of a drug requires special con- brief summary of prescribing information. 
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Contraindications: Active hepatic disease, such as 
acute hepatitis and active cirrhosis; if previous 
methyldopa therapy has been associated with liver 
disorders (see Warnings); hypersensitivity. 
Warnings: It is important to recognize that a 
positive Coombs test, hemolytic anemia, and liver 
disorders may occur with methyldopa therapy. The 
rare occurrences of hemolytic anemia or liver 
disorders could lead to potentially fatal complica- 
tions unless properly recognized and managed. 
Read this section carefully to understand these 
reactions. 

With prolonged methyldopa therapy, 10% to 20% of 
patients develop a positive direct Coombs test, 
usually between 6 and 12 months of therapy. Lowest 
incidence is at daily dosage of 1 g or less. This on 
rare occasions may be associated with hemolytic 
anemia, which could leac to potentially fatal compli- 
cations. One cannot predict which patients with a 
positive direct Coombs test may develop hemolytic 
anemia. Prior existence or development of a positive 
direct Coombs testis notin itself a contraindication to 
use of methyldopa. If a positive Coombs test 
develops during methylcopa therapy, determine 
whether hemolytic anemia exists and whether the 
positive Coombs test may be a problem. For 
example, in addition to a pcsitive direct Coombs test 
there is less often a positive indirect Coombs test 
which may interfere with cross matching of blood. 
Atthe start of methyldopa therapy, itis desirable todo 
a blood count (hematocrit, hemoglobin, or red cell 
count) for a baseline or to establish whether there is 
anemia. Periodic blood counts should be done 
during therapy to detect hemolytic anemia. It may be 
useful to do a direct Coombs test before therapy and 
at 6 and 12 months after the start of therapy. If 
Coombs-positive hemolytic anemia occurs, the 
cause may be methyldopa and the drug should be 
discontinued. Usually the anemia remits promptly. If 
not, corticosteroids may be given and other causes 
of anemia should be considered. If the hemolytic 
anemia is related to methyldopa, the drug should not 
be reinstituted. When methyldopa causes Coombs 
positivity alone or with hemolytic anemia, the red cell 
is usually coated with gamma globulin of the IgG 
(gamma G) class only. The positive Coombs test may 
not revert to normal until weeks to months after 
methyidopa is stopped. 

Should the need for transfusion arise in a patient 
receiving methyldopa, both a direct and an indirect 
Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive direct 
Coombs test alone will not interfere with typing or 
cross matching. If the indirect Coombs test is also 
positive, problems may arise in the major cross 
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match and the assistance of a hematologist or 
transfusion expert will be needed. 

Fever has occurred within first 3 weeks of therapy, 
occasionally with eosinophilia or abnormalities in 
liver function tests, such as serum alkaline phospha- 
tase, serum transaminases (SGOT, SGPT), bilirubin, 
cephalin cholesterol flocculation, prothrombin time, 
and bromsulphaiein retention. Jaundice, with or 
without fever, may occur, with onset usually in the 
first 2 to 3 months of therapy. In some patients the 
findings are consistent with those of cholestasis 

Rarely fatal hepatic necrosis has been reported. 
These hepatic changes may represent hypersensitiv- 
ity reactions; periodic determination of hepatic 
function should be done particularly during the first 6 
to 12 weeks of therapy or whenever an unexplained 
fever occurs. If fever and abnormalities in liver 
function tests or jaundice appear, stop therapy with 
methyldopa. If caused by methyldopa, the tempera- 
ture and abnormalities in liver function characteristi- 
cally have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 

Rarely, a reversible reduction of the white blood 
cell count with primary effect on granulocytes has 
been seen. Reversible thrombocytopenia has oc- 
curred rarely. When used with other antihypertensive 
drugs, potentiation af antihypertensive effect may 
occur. Patients should be followed carefully to detect 
side reactions or unusual manifestations of drug 
idiosyncrasy. 

Pregnancy and Nursing: Use of any drug in women 
who are or may become pregnant or intend to nurse 
requires that anticipated benefits be weighed against 
possible risks; possibility of fetal injury or injury tc a 
nursing infant cannot be excluded. Methyldopa 
crosses the placental barrier, appears in cord blood, 
and appears in breast milk. 

Precautions: Should be used with caution in patients 
with history of previous liver disease or dysfunction 
(see Warnings). May interfere with measurement of 

urinary uric acid by the phosphotungstate method, 
serum creatinine by the alkaline picrate method, and 
SGOT by colorimetric methods. Since methyldopa 
causes fluorescence in urine samples at the same 
wavelengths as catecholamines, falsely high levels of 
urinary catecholamines may be reported. This will 
interfere with the diagnosis of pheochromocytoma 

Itisimportantto recognizethis phenomenon beforea 
patient with a possible pheochromocytoma is sub- 
jected to surgery. Methyldopa is not recommended 
for patients with pheochromocytoma. Urine exposed 
toair after voiding may darken because of breakdown 
of methyldopa or its metabelites. 

Stop drug if involuntary choreoathetotic movements 
occur in patients with severe bilateral cerebrovascu- 


lar disease. Patients may require reduced 
anesthetics; hypotension occurring durir 
thesia usually can be controlled with vaso 
Hypertension has recurred after dialysis in 
on methyldopa because the drug is remove 
procedure. 
Adverse Reactions: Central nervous syster 
tion, headache, asthenia or weakness, usu 
and transient; dizziness, lightheadedness 
toms of cerebrovascular insufficiency, pare: 
parkinsonism, Bell's palsy, decreased ment 
involuntary choreoathetotic movements; 
disturbances, including nightmares and r 
miid psychoses or depression. 
Cardiovascular: Bradycardia, aggravation t 
pectoris. Orthostatic hypotension (decre: 
dosage). Edema (and weight gain) usually re 
use of a diuretic. (Discontinue methyldopa 
progresses or signs of heart failure appear. 
Gastrointestinal: Nausea, vomiting, distenti 
stipation, flatus, diarrhea, mild dryness o 
sore or "black" tongue, pancreatitis, sialad 
Hepatic: Abnormal liver function tests, j 
liver disorders 
Hematologic: Positive Coombs test, hemol 
mia. Leukopenia, granulocytopenia, thron 
penia. Positive tests for antinuclear antil 
cells, and rheumatoid factor. 
Allergic: Drug-related fever, lupus-like sy 
myocarditis. 
Other: Nasal stuffiness, rise in BUN, breast 
ment, gynecomastia, lactation, impoter 
creased libido, dermatologic reactions i 
eczema and lichenoid eruptions, mild ar 
myalgia 
Note: Initial adult dosage should be lir 
500 mg daily when given with antihyper 
other than thiazides. Tolerance may occur 
between second and third months of 
increased dosage or ue. a diuretic fr 
restores effective control. Patients with | 
renal function may respond to smaller 
Syncopein older patients may be related to ir 
sensitivity and advanced arteriosclerotic 
disease; this may be avoided by lower dose 
How Supplied: Tablets, containing 125 mg 
dopa each, in bottles of 100; Tablets, cc 
250 mg methyldopa each, in single-unit pac 
100 and bottles of 100 and 1000; Tablets, cc 
500 mg methyldopa each, in single-unit pac 
100 and bottles of 100 and 50C 
For more detailed information, con- M 
sult your MSD representative or see jar 
full prescribing information. Merck AE 
Sharp & Dohme, Division of Merck & E 
Co., Inc., West Point, Pa. 19486 
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A LOGICAL ADJUNCT TO FUROSEMIDE 
IN CARDIAC EDEMA 


In a study of 30 cardiac patients (10 as controls, 20 receiving 
furosemide), 'Dyrenium' (200 mg./day) was added to 10-6f the 
treated patients. After at least 10 days on the combined 
regimen, mean plasma potassium was significantly. increased 
from pre- Dyrenium' levels of 3.85 mEq./I. (+.12)t04.54 ~ 
mEq./l. (2-.12). Any K+ supplements were discontinued. 





'Dyrenium' Has 
an Additive Effect. 


When used with another diuretic, initial. — 
dosage of both agents should usually be 
reduced; careful supervision and dosage 
adjustment are required. K+ supple- 
ments should be discontinued and not 
reinstituted unless hypokalemia 
evelops or dietary Kt intake is 
markedly reduced. K+ supple- 

ments are contraindicated when 
Dyrenium' is used alone. Hyper- 
alemia can occur, but it is rare 

hen renal function is normal. 
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Before prescribing, see complete prescribing information in SK&F 
literature or PDR. The following is a brief summary. 
Contraindications: Anuria: Severe or progressive kidney disease or 
dysfunction. Severe hépatic disease. Pre-existing elevated serum potas- 
sium. Hypersensitivity. Continued use in developing hyperkalemia. Do 
not give potassium supplements, either by drug or by diet. 
Warnings: Observe regularly for possible blood dyscrasias, liver damage 
or other idiosyncratic reactions. Check BUN and serum potassium 
periodically, especially in the elderly, diabetics, and those with suspected 
or confirmed renal insufficiency. Use in pregnancy requires weighing 
anticipated benefits against possible hazards to the fetus, including adverse 
reactions which have occurred in the adult. Triamterene may appear 
in breast milk. If its use is essential, the patient should stop 
nursing. 
"Dyrenium' and spironolactone are not usually 
used concurrently; if they are, however, 
frequent serum potassium determi- 
nations are required. 
Precautions: |f hyper- 
y kalemia develops, withdraw 
the drug. The following may 
also occur: electrolyte imbal- 
ance, low-salt syndrome (with 
low salt intake), reversible mild 
/ nitrogen retention, decreasing 
; alkali reserve with possible 
/ metabolic acidosis. Triamterene is a 
/ weak folic acid antagonist. Do 
periodic hematologic studies in 
cirrhotics with splenomegaly. Con- 
comitant use with antihypertensive 
drugs may result in an additive hypo- 
tensive effect. When 'Dyrenium' is to be 
discontinued after intensive or prolonged 
therapy, withdraw gradually because of 
; possible rebound kaliuresis. 
Adverse Reactions: Diarrhea, nausea and 
j} vomiting (may indicate electrolyte imbal- 
/ ance), other gastrointestinal disturbances, 
/ weakness, headache, dry mouth, anaphylaxis, 
photosensitivity, elevated uric acid, rash. 
Note: When combined with another diuretic, 
the initial dosage of each agent should be lower 
than recommended. 
Supplied: 50 and 100 mg. les, in bottles 
of 100 and in Single Unit Packages of 100 
(intended for institutional use only). 
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Klorvess® Effervescent Granules and 
Klorvess® (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: K/orvess Effervescent Granules: Each packet 
(2.8 g) contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate 0.5 g, 
L-lysine monohydrochloride 0.913 g in a sodium-, sugar- and car- 
bohydrate-free effervescentformulation. Dissolution ofthe packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochloride. 


Klorvess (potassium chloride) 10% Liquid: Each tablespoonful 
* (15 ml) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 195. 


INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 
PRECAUTIONS: In responseto arise in the concentration of body 
potassium, renal excretion ofthe ion is increased. In the presence 
of normal renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
. status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of Klorvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Klorvess (potassium chloride) 10% Liquid in 3 to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tall, peaked 
T waves. The R wave is decreased in amplitude and the S wave 
deepens; the QRS complex widens progressively. The P wave 
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spoonful (15 ml) completely diluted in cold water 2 to 4 times 
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dosage of potassium or from therapeutic dosage in conditions 
stated under “Contraindications: Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
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of plasma potassium concentration can cause digitalis toxicity. 
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bottles. Klorvess Effervescent Granules and Liquid are also avail- 
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Dose bottles. 
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CLINICAL STUDIES 


| 877 Medically Refractory Unstable Angina Pectoris. I. Long-Term Follow-Up of Patients Undergoing 
Intraaortic Balloon Counterpulsation and Operation 


RONALD M. WEINTRAUB, JULIAN M. AROESTY, SVEN PAULIN, FREDERICK H. LEVINE, JOHN E. MARKIS, 
PAUL J. LaRAIA, STAFFORD |. COHEN and GEORGE F. KURLAND 


The experience of these investigators over the past 7 years with patients having unstable angina indicates that 
institution of early and vigorous medical therapy rarely results in major infarction or death. In 60 patients unre- 
sponsive to an optimal medical program including administration of propranolol and nitrates, the institution of in- 
traaortic balloon counterpulsation, cardiac catheterization and cardiac surgery yielded good results, One opera- 
tive and one late death occurred in this group. Survivors followed up for 3 to 63 months have done well; 77 per- 
cent are considered employable and more than 90 percent are in functional class | or il. These data suggest that 
with the use of the intraaortic balloon pump, patients with unstable angina pectoris unresponsive to optimal med- 
ical treatment can be operated on with a mortality rate approaching that for chronic stable angina (less than 2 
percent). 


.883 Medically Refractory Unstable Angina Pectoris. Il. Hemodynamic and Angiographic Effects of 
intraaortic Balloon Counterpulsation 


JULIAN M. AROESTY, RONALD M. WEINTRAUB, SVEN PAULIN and PATRICK O'GRADY 


intraaortic balloon counterpulsation in 10 patients with angina pectoris refractory to maximal medical therapy 
significantly decreased systolic and end-diastolic left ventricular pressures with little effect on the cardiac index 
or left ventricular volume. Although left ventricular contractility appeared to be improved with use of the balloon, 
ventricular volumes and ejection fraction were not significantly altered. Discontinuation of counterpulsation re- 
sulted in increased left ventricular end-diastolic pressure and pulmonary arterial systolic and mean pressures 
without any significant change in heart rate or cardiac index. The symptomatic improvement after counterpulsa- 
tion in these patients occurs mainly through the reduction in preload and afterload. 


| 889 Prognostic Value of a Persistently Positive Technetium-99m Stannous Pyrophosphate Myocardial 
Scintigram After Myocardial Infarction 

HAROLD G. OLSON, KENNETH P. LYONS, WILBERT S. ARONOW, JOHN KUPERUS, JOAN ORLANDO 
and DAVID HUGHES 


A persistently positive myocardial scan was found in 54 percent of 138 patients in clinically stable condition 6 
to 260 weeks after an acute myocardial infarction. Occurring more often in symptomatic rather than asymptom- 
atic patients, a persistently positive myocardial scan proved to be the best single predictor of cardiac death and 
significantly augmented the predictive value of other clinical variables, including age, location of acute myocar- 
dial infarction, clinical status, electrocardiographic findings and chest X-ray findings. During.a follow-up period 
of 11.6 + 6.9 months after scintigraphy, 42 percent of the patients with a persistently post ive sc 
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either a cardiac death, a nonfatal myocardial infarction, unstable angina pectoris; 


^ congestive 
compared with 13 percent of patients with a negative scintigram. p 
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| "INDICATIONS Based on.a review of this 
drug by the National Academy of Science- 
National'Research Council and/or other in- 
formation. FDA has classified the indication 
às follows 


‘Possibly’: effective: For long-term therapy 
of chronic angina pectoris. Prolonged 
therapy may reduce the frequency or elim- 
inate anginal episodes, improve exercise 
tolerance, and reduce nitroglycerin require- 
ments. The drug is not intended to abort the 
acute anginal attack 


Final classification of the 'ess-than-effective 
|. indications requires further investigation 








CONTRAINDICATIONS — No 
specific contraindications are 
known 


PRECAUTIONS Since exces- 
sive doses can produce pe- 
ripheral vasodilation, the drug 
should be used cautiously in 
patients with hypotension 


ADVERSE REACTIONS— 
Adverse reactions are minimal 
and transient at recommended 
dosages. Instances of head- 
ache, dizziness, naused, flush- 
ing, weakness or Syncope, mild 
gastrointestinal distress and 


skin rash have been noted dur- 
ing therapy. Rare cases of what 
appeared to be an aggravation 
of angina. pectoris have been 
reported, usually at the initia- 
tion of therapy On those un- 
common occasions when ad- 
verse reactions have been 
persistent or intolerable, with- 
drawal of medication has been 
followed promptly by cessation 
of undesirable symptoms 


DOSAGE AND ADMINISTRA- 
TION—The recommended dos- 
age is 50 mg 2 tablets) three 


times a day, taken at least one 
hour before meals. In some 
cases higher doses may be nec- 
essary but a significantly 
increased incidence of side 
effects is associated with in- 
creased dosage. Clinical re- 
sponse may not be evident be- 
tore the second or third 

month of continuous therapy. 
Tablets of 25 mg 

For complete details, please se 
the full prescribing information 
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899 Single Dose Myocardial Perfusion Imaging With Thallium-201: Application in Patients With 


_ Non 


diagnostic Electrocardiographic Stress Tests 
DAVID M. McCARTHY, DAVID K. BLOOD, ROBERT R. SCIACCA and PAUL J. CANNON 


in 128 patients undergoing diagnostic coronary arteriography, myocardial perfusion imaging with single dose ex- 
ercise thallium-201 scans was significantly more sensitive (85 versus 64 percent) and more accurate (84 versus 
71 percent) than stress electrocardiography in detecting coronary disease but offered no advantage in patients 
with diagnostically adequate stress electrocardiograms. None of the 22 patients with coronary artery disease 
and an inadequate stress electrocardiogram had an ischemic electrocardiographic response, aithough angina 
developed in 16 and 18 had a perfusion defect on scanning. These data suggest that the mechanisms producing 
ischemic S-T segment depression in the exercise electrocardiogram are not identical with those producing angi- 
na or an exercise scan defect. 


907 Comparison of Treadmill Exercise Testing and Psychologic Stress Testing Soon After Myocardial 
infarction 


ROBERT F. DeBUSK, CRAIG BARR TAYLOR and W. STEWART AGRAS 


In 20 men with coronary artery disease standard methods of physical exercise testing were superior to currently 
available psychologic stress tests for evaluating the cardiovascular response to most commonly encountered 
psychologic stressors. Cardiovascular values recorded during psychologic stress were substantially lower than 
those noted during treadmill exercise testing. Heart rate and systolic blood pressure responses at the onset of 
ischemic S-T segment depression were substantially greater during treadmill exercise than during psychologic 
stress testing. Although a physical stress does not simulate psychologic stress, it appears to provide a useful 
measure of the cardiovascular response that would be elicited by most but not all physical and psychologic 
stressors. 


913 Right Ventricular Apical Activation Times in Patients With Conduction Disturbances Occurring During 
Acute Transmural Myocasdial Infarction 


920 Reg 





ALVARO MAYORGA-CORTES, JOHN J. ROZANSKI, RUEY J. SUNG, AGUSTIN CASTELLANOS and 
ROBERT J. MYERBURG 


His bundle and right ventricular apical (RVA) electrograms recorded in 18 patients with acute transmural myo- 
cardial infarction showed that the infarction in itself did not increase the duration of the V-RVA interval even 
when complete left bundle branch block was present. A prolonged V-RVA interval coexisting witha "complete" 
right bundle branch block pattern was not due to distal right bundle branch block but to a conduction disturbance 
located in the proximal portions of the right bundle or within the His bundle itself. This study extends the useful- 
ness of the newer techniques of obtaining intracardiac electrograms to assess conduction defects and shows 
that the V-RVA interval can help categorize patients with an inferoposterior myocardial infarction, prolonged in- 
traventricular conduction time and predominantly positive QRS deflections in scalar leads V; and V2. 


ional Myocardial Function at Rest and After Rapid Ventricular Pacing in Patients After Myocardial 


Revascularization by Coronary Bypass Graft or by Collateral Vessels 


MICHAEL SESTO and FRANZ SCHWARZ 


This study of 194 patients with proximal disease of the left anterior descending coronary artery demonstrates 
that successful surgical revascularization preserves myocardial function as compared with “pure” coronary ste- 
nosis both during stress and at rest. A critical obstruction should be corrected with bypass grafting because car- 
diac function improves thereafter. When coronary stenosis progresses to occlusion without revascularization, 
myocardial contractility becomes depressed at rest and after pacing. Revascularization by collateral vessels 
preserves resting function in coronary occlusion to some extent but is ineffective after pacing. Successful surgi- 
cal revascularization prevents loss of function at rest and after pacing in critical coronary stenosis and occlu- 
sion. 


. 929 influence of Preoperative Left Ventricular Function on Results of Homograft Replacement of the Aortic 
Valve for Aortic Stenosis 


RICHARD THOMPSON, MAGDI YACOUB, MOHAMMED AHMED, RICARDO SEABRA-GOMES, 
ANTHONY RICKARDS and MALCOLM TOWERS 


Although changes in ejection fraction have been widely used to assess left ventricular function after cardiac sur- a 


gery and as a prognostic guide in the surgical treatment of coronary and valvular heart disease, this study in 103 
Continued on page A17 
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The kidney is the key to long-term 
pressure regulation 


The kidney-not the heart-is the key to long-term arterial 
pressure control. The kidney raises blood pressure 
whenever sodium excretion is inadequate. Diuretics help 
the kidney excrete sodium, reduce fluid volume and lower 
blood pressure. 


The "ygroton benefit: continuous help 


NO 
Once-d ily Hygroton provides 


idney e 


diuretic blocks sod 1 retentic 


uninter 


xcrete sodium and 


rupted activity to help 


n longer than Hygroton 


the 


water and reduce blood pressure 


In mild hypertension: conservative therapy 


| 
uC 


‘ileal ^ 


hx 


stud 


^A 


y= 
Lo TK 


Hyar 
ar 


all (Niaz 


eres Xon 


L AS WIIN 


) develop certain el 


pokaiemia ana 


dies’ 3 demons 


\Otassium and uric 


diuretics. itt O 


4 
ble risk/benetit 


1 


sible 


In. mild hypertension 


Low-dose 


rHygroton 25::.... 


Nchiorthalidone USP) 
\Gets to the heart of the matter. ..simply 


latent 
iidone 


le. The antihypertensiveleftects « 

hanced in the pdstsympathecfOmy p 
orthalidone and related drugs may a Vio. artere 
DONS venes to norepinephrine. It Biog Sive rel 
aim ecomes evident, as E r 
protein n trogen or blood urêa nitrogên. @icaretu! $ 
opraisal of therapy is necessary with GonSigeratior à! 
ən to withholding or discontinuing diufétic thera py T Y 
orthalidone and related drugs may decf&aSB se 1 
evels without signs of thyroid disturbance 3 
rerse Reactions: Anorexia, gastric irritation Nausea 
iting. cramping, diarrhea, constipation, Jed lice 


\Haw Suppl : Tabiets —100 rr 


Wt ahepatic cholestatic jaundice), pancreatitis, diz 
v@Higo, paresthesias, headache, xanthops 
agfnulocytosis, thrombocytopen 

pugpura. photosensitivity, ras 

CE SL RESTI 10] vascu 

@pidermal necrolysis) Orth 

@nomay be aggravated by alcc 


ics Other E jverse reactior 


maoderáte c ) 
regie ‘Usual Dose: 
white 
f 100 and 1000 
5) Also 


thdrawr 


(2954) J 
Vritdoset ae dco s. boxes of 100 (10 x 10 strip 


100 mg and 50 mq in PAK t 28 tablets. boxes of 6 
References: 1. Finnerty. FA Jr Managing Mild Hyper 
tension A low-dose approach, Scientific Exhibit presented 
at Amer Coll Cardiol. 28th Annual Scientific Session 
Miami Beach. Fla . Mar 11-15, 1979. 2. Materson, BJ et al 
Dose response to chlorthalidone in patients with mild hyper 
tension. Clin Pharmacol. Ther 24 192. 1978. 3 Data 


USV Laboratories Inc 


n file 


y 4 OSV USV Laboratories Inc. 


LABORATORIES Manati, P.R. 00701 








indicutons Re on a review of this a by The National Academy 
of Sciences— National Research Council and/or other information 
DA idos classified the indications as follows 

robably` effective: The chewable dosage form of SORBITRATE 
d for the treatment of acute anginal attacks and for prophy- 

ions likely to provoke such attacks 
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Contraindications: A history of sensitivity to the drug 

Warnings: Data supporting the use of nitrates during the early days of the 
acute phase of myocardial infarction are insufficient to establish safety. 
Precautions: Tolerance and cross tolerance to other nitrates may occur. 
Adverse Reactions: Headache which may 


be severe and persistent. Lowering the 
dose and using analgesics will help control 
t headaches which usually diminish or 
disappear as therapy is continued 
Adverse reactions seen occasionally 
putaripqus vasodilation with flush- 


bral ischemia associated with postural hypotension; individual marke 
sensitivity to the hypotensive effects of nitrates wherein severe response 
can occur even with the usual therapeutic dose (alcoho! may enhanc 
this effect); drug rash and/or exfoliative dermatitis 

This drug can act as a physiological antagonist to norepinephrine, acety] 
choline, histamine and other agents 
Dosage and Administration: Individual Dose: To minimize hypotensiv 
responses, which may occasionally be severe with chewable doses a 
low as 5 mg., the smallest effective dose should be employed. Chewabl 
tablets are generally given in doses of 5 mg 

Dosage Schedule: Smallest effective dose necessary for the preventio| 
and treatment of pain of an angina attack. CHEWABLE SORBITRATE 
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E - patients with aortic stenosis concludes that poor left ventricular function does not increase the risk of aortic 
| valve replacement for aortic stenosis and that improved left ventricular function can be expected in the majority 
< of patients, including those with an ejection fraction of 0.45 or less. impaired left ventricular function was associ- 
«ated with. superimposed coronary artery disease. For this reason the authors recommend homograft valve re- 
placement and, when necessary, additional coronary bypass grafting in patients with poor left ventricular func- 
tion. 





: | 939 Use of Apexcardiography To Evaluate Left Ventricular Diastolic Compliance in Human Beings 
: JAN MANOLAS, HANS PETER KRAYENBUEHL and WILHELM RUTISHAUSER 


The most important finding in this study of the relative amplitude measurements of the left apexcardiogram and 

internally derived indexes of diastolic compliance of the left ventricle was the close inverse correlation of the 

A wave amplitude/total diastolic deflection (A/D) ratio with specific compliance (r = —0.8). All patients with val- 

ues over 44 percent for the A/D ratio had congestive cardiomyopathy. The A/D ratio separated these patients . 

from those without left ventricular disease. The ratio of A wave height to total vertical deflection (A/H ratio) 

showed a highly significant correlation with left ventricular end-diastolic compliance (r = —0.64) and significant- 

_ > dy lower correlations with end-diastolic distensibility index as well as specific compliance. Both ratios are useful 

< -noninvasive measurements of diastolic compliance of the left ventricle, but their validity for assessing such 

changes in the same subject or the presence of aortic or mitral valve disease or coronary artery disease requires 
further investigation. 





| -946 Lack of Correlation Between Echocardiographic Pulmonary Valve Morphology. and Simultaneous 
E Pulmonary Arterial Pressure. 


HARRY ACQUATELLA, NELSON B. SCHILLER, D. NORMAN SHARPE and. KANU CHATTERJEE 


Technically satisfactory pulmonary valve echograms in 16 of 29 patients showed no significant correlation be- 
tween hemodynamic measurements and the echographic pulmonary valve a wave amplitude, diastolic E-F slope 
or the systolic opening B-C slope. The combination of mid systolic pulmonary valve notching and an absent a 
wave observed in more advanced degrees of pulmonary hypertension was specific but not sensitive for that con- 
dition. One cannot rely on echocardiographic features of the pulmonary valve in assessing the severity of pulmo- 
nary hypertension. They serve only as a rough guide to the presence of the more severe levels of pulmonary hy- 
pertension. 
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-951 Maximal Exercise Stress Testing in Evaluation of Arrhythmias in Children: Results and Reproducibility 
JOHN J. ROZANSKI, IVAN DIMICH, LEONARD STEINFELD and JOEL KUPERSMITH 





Data obtained from two maximal treadmill exercise tests performed an average of 3.1 months apart in 19 chil- 
dren aged 15 to 16 years with chronic idiopathic ventricular and supraventricular arrhythmias confirm the useful- 
ness and reproducibility of such testing to evaluate arrhythmias in children. All but one child achieved the ex- 
pected maximal heart rate. No statistically significant difference was noted between the first and second exer- 
cise test in any child with regard to maximal heart rate and duration of maximal exertion. For ventricular arrhyth- 
mias maximal exercise testing yielded reproducible results in either suppressing or reducing the arrhythmias 
during both exercise periods. These results suggest that such exercise testing would be valuable in deciding to 
restrict or allow exertional activities and in monitoring the efficiency of antiarrhythmic drugs in children. 


957 Echocardiographic Assessment of Discrete Subaortic Stenosis in Childhood 
TERESA E. BERRY, KALIM U. AZIZ and MILTON H. PAUL 


Echocardiographic and cardiac catheterization data in 17 young patients with discrete subaortic stenosis show 
that the end-diastolic h/r ratio (ratio of mean left ventricular septal and posterior wall thickness to one-half minor 
left ventricular cavity dimension) is a useful predictor of peak left ventricular pressure and that the LVOT/Ao (left 
ventricular outflow tract/aortic dimension) ratio is significantly reduced relative to that of control subjects. The 
LVOT/Ao ratio was helpful in differentiating patients with mild stenosis from those with more severe stenosis. 
Previously described echocardiographic abnormalities of the aortic valve such as flutter or early systolic closure 
could not be correlated with any specific type or severity of subaortic stenosis. 
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: - 962 Unusual Vascular Anomalies Causing Persistent Pulmonary Hypertension in a Newborn 
JEFFREY D. GOLDSTEIN, MARLENE RABINOVITCH, RICHARD VAN PRAAGH and LYNNE REID 


This fatal case of an infant with a unique configuration of congenital pulmonary vascular anomalies and severe 
secondary changes of pulmonary arterial hypertension shows that (1) bronchopulmonary development may be 
relatively normal in spite of an aberrant pulmonary vascular supply, and (2) the unusual arterial anomalies repre- 
sent an aberration in the normal embryologic sequence of pulmonary arterial development. Both the anatomic 
and histologic appearance of the anomalous arteries favor their origin from persistent primitive systemic arter- 
ies. 


METHODS 


D 969 Peak Left Ventricular Systolic Pressure/End-Systolic Volume Ratio: A Sensitive Detector of Left 
p Ventricular Disease 


THASANA NIVATPUMIN, STANLEY KATZ and JAMES SCHEUER 





Seeking to evaluate peak pressure/systolic volume ratio as a detector of cardiac disease in 115 subjects under- 
going diagnostic catheterization, these investigators found this ratio separated those with a diseased heart from 
those with a normal heart in those subjects with a normal ejection fraction (more than 60 percent). Those with 
a diseased heart had a greater end-systolic volume than normal subjects. The peak pressure/systolic volume 
ratio appears to be more sensitive than the ejection fraction in detecting subtle changes in myocardial function 
in patients other than those with pure aortic stenosis. 


| 975 Monitoring Ventricular Function at Rest and During Exercise With a Nonimaging Nuclear Detector 


HENRY N. WAGNER, Jr., PIERRE RIGO, RONALD H. BAXTER, PHILIP O. ALDERSON, 
KENNETH H. DOUGLASS and DANIEL F. HOUSHOLDER 


Testing of this improved version of the nuclear stethoscope, a portable nonimaging device that measures beat 
to beat ventricular time-activity curves, showed that the correlation coefficient of left ventricular ejection frac- 
tion obtained with the device and with a camera-computer system was 0.92 in 35 subjects. During bicycle exer- 
cise the ejection fraction in 15 normal persons increased from 44 to 64 percent; among 12 patients with heart 
disease it was unchanged in 5 and decreased in 7. The mean peak exercise heart rates in the two groups were 
not significantly different. The improved performance of the current device occurs largely because one can 
properly position the detector when viewing the beat to beat time-activity curve that measures and displays the 
activity every 50 msec. 


980 Method for the Rapid and Atraumatic Insertion of Permanent Endocardial Pacemaker Electrodes 
Through the Subclavian Vein 


PHILIP O. LITTLEFORD, VICTOR PARSONNET and S. DAVID SPECTOR 


Using a specially constructed peel-away introducer, 17 different physicians successfully implanted 164 perma- 
nent pacemakers through the subclavian vein. Fourteen attempts (8.5 percent) were unsuccessful. This proce- 
dure is rapid and atraumatic and requires no surgical dissection. 


REPORTS ON THERAPY 


983 Effects of Digoxin on Sinus Nodal Function Before and After Vagal Blockade in Patients With Sinus 
Nodal Dysfunction 


JAMES A. REIFFEL, J. THOMAS BIGGER, Jr. and MARVIN CRAMER 


Studying the effects of intravenously administered digoxin on sinus nodal function in 34 patients with sinus: nodal 
dysfunction, these investigators found that this drug may have direct excitatory, adrenergic or previously unrec- 
ognized vagolytic effects on sinus nodal function in man and their manifestation may depend on heart rate or at- 
tonomic tone. These data suggest that most patients with sinus bradycardia or sick sinus syndrome cari be given 
digitalis safely for the therapy of cardiac arrhythmias or ventricular failure. When the safety of digoxin adminis- 
tration in a patient with sinus nodal dysfunction is in question and other therapeutic interventions such as pace- 
maker insertion depend solely on the effects of its administration, acute digitalization during electrophysiologic 
É testing of sinus nodal function may quickly and safely suggest the results to be expected during long-term admin 
[t istration. 
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/..990 Combined Therapy With Digoxin and Nitroprusside in Heart Failure Complicating Acute Myocardial 
infarction 


DANIEL S. RAABE, Jr. 


in 11 patients with congestive heart failure complicating acute myocardial infarction the intravenous infusion of 
nitroprusside significantly decreased the pulmonary arterial wedge pressure, mean arterial préssure and sys- 
temic vascular resistance and increased the cardiac index. The addition of digoxin administered intravenously 
further increased cardiac output but did not further decrease pulmonary arterial wedge pressure. The improved 
cardiac output after digitalis is attributed to the positive inotropic effect of this drug or decreased myocardial 
ischemia with a resultant improvement in the contractile characteristics of the ischemic zone. These results 
suggest the usefulness of this combination of a positive inotropic agent and a vasodilator in the treatment of con- 
gestive heart failure complicating acute myocardial infarction. 


: 995 Lack of Ouabain Effect on Pacing-Induced Myocardial Ischemia in Patients With Coronary Artery 
_ Disease 
| HENRY. S. LOEB, NANCY STREITMATTER, DAVID BRAUNSTEIN, WILLIAM R. JACOBS, 


ROBERT P. CROKE and ROLF M. GUNNAR 


Studying the acute effects of digitalis in 16 patients with angiographically proved two and three vessel coronary 
artery disease and no clinical heart failure, these investigators found that the nine patients with a normal ejection 
fraction responded differently to pacing than the seven patients with a reduced ejection fraction and that ouabain 
administration did not significantly alter the hemodynamic, metabolic or clinical response to pacing. These data 
do not support the routine use of digitalis in patients with coronary artery disease and a reduced ejection fraction. 
They do not contraindicate digitalis therapy for the control or prevention of supraventricular arrhythmias in pa- 
tients with coronary artery disease but without clinical heart failure. 


: -14001 Effects of Digitalis on Normal and Abnormal Left Ventricular Segmental Dynamics 


JAY H. KLEIMAN, EDWIN L. ALDERMAN, ROBERT H. GOLDMAN, NEIL B. INGLES, 
GEORGE T: DAUGHTERS Il and EDWARD B. STINSON. With the technical assistance of 
ANNE SCHWARZKOPF, CATHERINE KUSNICK and CAROL MEAD 


Continuous ventricular dynamics were assessed in nine patients with stable coronary artery disease after the ad- 
ministration of 1 mg of intravenous digoxin. In patients with chronic left ventricular contraction abnormalities, 
deterioration of performance in abnormal regions after digoxin resulted from increased stress imposed by in- 
creased afterload and by improved segmental dynamics in more normal areas. The response of individual seg- 
ments to.digoxin depends on the amount of viabie nonischemic muscle in the ventricular wall. in ventricles with 
prior scarring, administration of digoxin results in greater heterogeneity and asyneresis of myocardial segment 
performance due to further deterioration of function in some segments, although global left ventricular function 
is improved. 


1009 Effect of Isosorbide Dinitrate on Response to Submaximal and Maximal Exercise in Patients With 
Congestive Heart Failure 


JOSEPH A. FRANCIOSA and JAY N. COHN 


Hemodynamic and clinical data in 18 patients with class Il to IV congestive heart failure demonstrated that the 
short-term administration of isosorbide dinitrate did not improve maximal exercise capacity or left ventricular 
performance at maximal exercise but did improve pump function at submaximal work loads and enabled the pa- 
tients to perform limited exercise more comfortably. After administration of this drug the resting pulmonary 
wedge pressure and systemic vascular resistance were significantly reduced, but the exercise duration was not 
altered and maximal oxygen consumption was not significantly changed. 


REVIEW 


1015 Strategy for Evaluation and Surgical Treatment of the Asymptomatic or Mildly Symptomatic Patient 
With Coronary Artery Disease 





STEPHEN E. EPSTEIN, KENNETH M. KENT, ROBERT E. GOLDSTEIN, JEFFREY S. BORER. and 
DOUGLAS R. ROSING 


Although incomplete data prevent the synthesis of a consistent and scientifically defensible strategy for the eval- 
uation and treatment of all patients with coronary artery disease, the following practical strategy seems reason- 


Continued on page A23 




















ISORDIL - 
isosorbide dinitrate) 
HELPS THE HEART 
IN THE CONTROL OF 
ANGINA PECTORIS 






— 








Sa for. more accurate 


The established use of Isordil in the manage- 
ment of angina pectoris for more than two 
decades has often been ascribed only to the vaso- 
dilatation it produces in the coronary arteries. 
Recent investigations, however, suggest that an 
even more important effect of this agent is to 
dilate peripheral arteries and veins. Arterial dila- 
tation lowers impedance to left ventricular ejec- 
tion, reducing afterload. Venous dilatation leads 
to venous pooling and a fall in right and left ven- 
tricular filling pressure, thus reducing preload. 

With afterload and preload reduced, the 
amount of energy expended and oxygen con- 
sumed by the heart should be decreased. Isordil 
canthusreduce myocardial oxygen requirements 


- "and relieve or preventattacks of angina pectoris. 
g 







t ongirevent provide 
@ngina attacks itration of dosage to di tiina 
SUBLINGUAL )revent angina attacks rophylaxis. 








Ji eed pets 2 mg and 5 mg 





+ Based onva review of this drug by the National Academy of 
onal ReSearch Council and/or other information, FDA has 

cations as follows: 

tive: When taken by the sublingual or chewable route, 

IÍggdál and Chewable Tablets are indicated for the treatmerit of 















oral route, Isordil is indicated for 
fonaryeartery disease). It is not in- 
tended to ab 1 isode; büt is widely regarded as 
useful in the prophylactic treat Of angina pectoris. 
| Final classification f the E than-effective indications requires further 
investigation. : 






the relief o 










Contraindication: Te Sy to this drug. 
Warnings: Data supporting the 13 af qitrtes uri the eariy days of the 
acute phase of myocardial infarction during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 


Precautions: Tolerance to this drug and cross- "tolerance to other nitrites and 
nitrates may occur. 






SORDII* TITRADOSE* t 
Oral Tablets with E.Z. Split* scoring: : P 
5 mg, 10g, and 20 mg 









against angina 


TEMBIDS® Capsules: | 
ed-Action Capsules, 40 f 


A i with flushing. Headache i Acom 
on and may be Sev fi arid persistent. TranStent episodes of dizziness and 
weakness as well as Signs of cerebra sch ia associated with - 
postural hypotensigifma ) élop. This drug can act as a 3 
physiological antaggn Ichdline, histamine, and = 
many other agents ZAi marked sensitivity toi 
the hypotensive NL (nausea, vomiting, - 
weakness, resti ) can occur even 
with the us sua! 

m ixfotiat 


Gorisult directio Boiler before prescribing. 


Susta 


ao tn lil 


© May we send you ties. detailed information and/or professional 


samples? * 


IVES LABORATORIES INC. Ge), 


New York, NewYork 10017 


DEDICATED TO IMPROVING THE QUALITY OF LIFE THROUGH MEDICINES.“ 


TUS Pal. Nos, 3883647 and D224591 TEMBIDS®— TRADEMARK FOR I. 


CONTENTS 





able: The patient with a life style restricted by angina despite medical therapy is a candidate for cardiac surgery 
and possible coronary bypass surgery, particularly when significant narrowing of the left main coronary artery 
is present. Those who have mild symptoms of coronary artery disease or have had a previous myocardial infarc- 

~- tion merit coronary and left ventricular cineangiography, and operation should be performed in those with signifi- 
cant disease of the left main coronary artery. It is medically and economically impractical to screen asymptom- 
atic patients for coronary artery disease. Cardiac catheterization should not be routinely performed in asymp- 
tomatic patients with positive exercise tests. For these patients risk factors, if present, should be rigorousiy 
treated. 


HISTORICAL MILESTONES 


1026 Historical Development of Concept of Blood Circulation: An Anniversary Memorial Essay to William 
Harvey 


JACK D. KEY, THOMAS E. KEYS and JOHN A. CALLAHAN 


This refreshing journey down the arterials of cardiovascular history pays tribute to William Harvey and his mod- 
ern concept of the circulation of the blood. Despite its emphasis on the past, it must raise questions in the mind 
of the thoughtful cardiologist because similar delays in recognizing obvious cardiovascular conditions (for exam- 
ple, mitral valve prolapse) still abound. Santayana once observed that one who does not know the past is con- 
demned to repeat it. Is the converse true? If we pay attention to the past, can we escape repeating it? This excit- 
ing scholarly essay provides some answers to this question. 


DIAGNOSTIC SHELF 


à 1033 Paroxysmal Nonreentrant Tachycardias Due to Simultaneous Conduction in Dual Atrioventricular 
Nodal Pathways 


GEORGE CSAPO 


Electrophysiologic studies in a 41 year old man confirmed that his multiple arrhythmias were due to dual atrio- 
ventricular (A-V) nodal pathways with simultaneous dual fast and slow conduction of single atrial beats at a nor- 
mai basic sinus rate. A survey of reported studies indicates that dual A-V nodal pathways were documented in 
17 (4.2 percent) of 405 patients studied. These observations strengthen the hypothesis that double conduction 
of a single atrial beat can play an important role in the genesis of some premature supraventricular beats and bi- 
geminy and lead the investigator to postulate a hypothetical model of A-V nodal conduction. 





1046 Systolic Click From a Swan-Ganz Catheter: Phonoechocardiographic Depiction of the Underlying 
Mechanism 


JEFFREY M. ISNER, JACK HORTON and JAMES A. RONAN, Jr. 


Insertion of a Swan-Ganz catheter in a 54 year old woman produced a loud mid systolic click indistinguishable 
from that considered classic for atrioventricular prolapse. The click apparently arose from the crisp slapping of 
the catheter against the ventricular septum. Echocardiograms indicated that the fortuitous combination of rapid 
posterior catheter motion and rapid anterior septal motion was the critical factor that allowed catheter-septum 
contact and the resultant systolic click. Removal of the catheter eliminated the click. 


1049 Mid Systolic Notching of the Pulmonary Valve in the Absence of Pulmonary Hypertension 


WILLIAM BAUMAN, L. SAMUEL WANN, RICHARD CHILDRESS, ARTHUR E. WEYMAN, 
HARVEY FEIGENBAUM and JAMES DILLON 


Although normal right ventricular and pulmonary arterial pressures were simultaneously recorded, the pulmo- 
nary valve echogram in a 19 year old patient with idiopathic dilatation of the pulmonary artery showed a promi- 
nent mid systolic closing motion or notching indistinguishable from that seen in pulmonary hypertension. This 
case demonstrates that factors other than elevated pulmonary arterial pressure may be involved in producing 
mid systolic notching of the pulmonary valve. 


CASE REPORTS 


| 1053 Disopyramide-Induced Ventricular Fibrillation 
W. JAY NICHOLSON, C. EDWIN MARTIN, JACK G. GRACEY and H. ROEBLING KNOCH 
Recurrent ventricular fibrillation in three patients closely followed the institution of oral disopyramide therapy in 


only moderate doses. In each case the electrocardiogram showed a prolonged Q-T interval, normal QRS dura- 
Continued on page A24 
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tion and episodes of ventricular fibrillation. After treatment with the drug was stopped, the subsequent electro- 
cardiograms returned to normal and no more ventricular fibrillation occurred. These episodes of quinidine-like 
syncope were precipitated by disopyramide. Patients receiving disopyramide should be closely monitored for 
ventricular tachyarrhythmia arid disproportionate repolarization changes and administration of the drug should 
be stopped if such changes are detected. 
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Recent Advances in Digitalis Research 
DEAN T. MASON and NAJAM A. AWAN 
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CORRECTION 

An error appeared in the abstract of “Effects of intraaortic Balloon 
Counterpulsation on Regional Myocardial Function During Acute Cor- 
onary Occlusion in the Dog” by Sasayama S, Osakada G. Takahashi 
M, Hamashima H, Hirose K, Nishimura E and Kawai C (Am J Cardiol 
43:59-66, 1979). The seventh sentence should read, '""Balicon pumping - 
produced no change in the dyskinetic motion of the ischemic segment 
or in compensatory augmentation of shortening of the control seg- 
ment." 
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gned for A-V sequential pacing. 


edtronic's Xyrel® and Xyrel®-VP 
bmakers are daily setting new reli- 
ty records at Medtronic, earning a 
ormance index of 99.9%. That 
ns that 99.9% of these products can 
xpected to perform within specifica- 
over the next six-month period. 
date, nearly 73,000 Xyrel® pace- 
ers have been sold in the U.S.—ac- 
ulating in the past three years 
ly three-quarters of a million im- 
t device months. 

t, the number of units verified to be 
of specification when returned to 





tronic's new Byrel™ implantable pacemaker 





Medtronic is extremely low—only 18 
actual “out of spec" units have been ob- 
served by Medtronic technicians. Thus, 
the current performance index for both 
zo quel and the Xyrel® -VP units is 


The Medtronic Performance Index is 
a patient management tool developed 
by the company to provide up-to-date 
device performance information for the 
physician. Its unique value is that it is 
not diluted by early, historical product 
experience and it covers only presently 
implanted devices. 


IEW A:V SEQUENTIAL PACEMAKER 


Both temporary and permanent A-V 
sequential pacing are likely to see more 
frequent applications because of two 
new products recently developed by 
Medtronic, Inc., Minneapolis, Minn. 
These products are the Byrel™ implant- 
able A-V sequential pacemaker and the 
Model 5330 external A-V sequential 
pacemaker. 

Interest in A-V pacing is growing be- 
cause of this pacing mode's potential 
for both improving cardiac output and 
for control of certain tachyarrhythmias. 

Restoration of A-V synchrony can im- 
prove cardiac output by providing 
regular atrial filling of the ventricles and 
by providing more normal valve func- 
tion in some patients. 

It may also prevent retrograde pump- 
ing by theatria and increase the effi- 
ciency of myocardial oxygen use (when 
compared to ventricular pacing). 

A-V sequential pacing will also pre- 
vent most forms of retrograde atrial 
stimulation and bradycardia. 

Controlled A-V synchrony provides a 
method for management of certain 
tachyarrhythmias preventing the long 
PR intervals necessary for some of the 
re-entry tachyarrhythmias. Of course, it 
can also prevent atrial bradycardia in 
brady-tachy syndrome and drug-in- 
duced bradycardia. A-V sequential 
pacing can also overdrive ventricular 
arrhythmias while providing the bene- 


A-V SEQUENTIAL continued on page 2 


21° and Xyrel*VP Pacemakers Earn 99.9% Performance Rating 


Of the total Xyrel® pacemakers sold, 
about 13,000 have consisted of Xyrel*-VP 
ventricular programmable units. Of these, 
only one has been observed to have a 
component failure by Medtronic techni- 
cians. 

The performance index for each indi- 
vidual pacemaker is reported quarterly 
to the physician with Medtronic's Im- 
plant Data Report. Ask your Medtronic 
representative for a brochure giving de- 
tails of the Medtronic Performance 
Index, or send in the coupon following 
Product Information Summary. 
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fits of improved cardiac output. 

Making these benefits available to the 
physician and his patient are Med- 
tronics A-V sequential pacing products. 
Leading off is the new Byrel™ a pro- 
grammable, lithium-powered, ventricu- 
lar-inhibited device with seven A-V pro- 
grams and one ventricular-inhibited 
mode (atrial unit shut-down). 

The Byrel™ has many of the perform- 
ance features of other Medtronic pulse 
generators, including a lithium power 





Model 5330 external pacemaker 
for atrial, ventricular or A-V sequential 
pacing. 
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source, titanium external covering, her- 
metically sealed hybrid electronics and 
more. Of course, bothatrial and ven- 
tricular leads are required. 

A companion to the Byrel™ is Medtronic's 
new 5330 external pacemaker designed 
for temporary atrial, ventricular or A-V 
sequential pacing. 

In addition to its use in temporary pac- 
ing and diagnostic applications, you can 
also measure atrial or ventricular cur- 
rent stimulation thresholds with the 
5330. It can also approximate R-Wave 
potentials sensed via ventricular pacing 





Implantable atrial pacing leads. 

The unit with the short electrode spacing 
(6992A) is designed for A-V sequen- 
tial pacing. 





FOR FURTHER INFORMATION 
SEND IN COUPON AT RIGHT. 





























The new Spectrax™-SX multi-pro 
mable pacemaker is now under 
clinical evaluation. The first implai 
performed on a 44-year-old m 
Miami, Fla., in November, 1978. T 
vestigation has been expanded to 
centers across the country. 

"Whenever a new pacing product is 
developed, it creates interest in the r 
community; says Spectrax™ marketin: 
ager, Dennis Sellke. “But, Medtr 
Spectrax™ pacemaker, because of th 
ibility built into its programmable mod 
functions, has generated early and unt 
high excitement. The Spectrax™ pace 
represents significant and important te 
logical progress in pacing; Sellke say: 

Using the most modern micro-pr 
sor technology, the Spectrax™-SX| 
maker will offer the physician atr 
ventricular asynchronous, atrial oi 
tricular inhibited, and atrial or ven 
lar triggered modes. This paceme 
several programmable parametei 
clude pacing rate (30 to 150 beat 
minute), pulse width (.05 to 2.0 m 
amplitude, sensitivity, refractory 
hysteresis. 


lead electrodes. 

Amplitude of atrial and ventric 
output pulses is set separately by 
vidual controls. You can also ac 
ventricular sensitivity, ventricular 
and A-V interval. 


LEADS 
Atrial pacing requires leads desit 
to deal effectively with the insertior 
dislodgement problems of atrial pl 
ment. Three J-shapedleads(Mo 
6990 bipolar, 6991 unipolar and 69€ 
polar) facilitate placement and si 
electrode placement in the right : 
appendage. Two coronary sinus bir 
endocardial leads (Models 6992 
6992A) are designed for placemei 
the coronary sinus for permanent e 
pacing and sensing applications. 
electrode configuration of the 69! 
6990 and 6994 is specifically desic 
for enhancement of A-V sequential pa 

Medtronic also provides a tempoi 
disposable bipolar lead (Temptr: 
Model 6705). It features a needle/ir 
ducer designed for easier handling 
ing venous introduction. Its "push 
ton; detachable connector perr 
complete removal of the percutane 
introducer cannula. This lead has t 
used for atrial pacing from the coroi 
sinus and ventricular pacing from 
right ventricular apex. 

Since A-V sequential pacing does 
depend on a functional A-V conduc 
system, there are no major contrain 
tions to this mode of therapy. 














MEDTRONIC PRODUCT INFORMATION SUMMARY 
Medtronic* External Pacing Products 


-intended Use— The Model 5330 external pulse generator is intended for 
use with pacing lead systems for temporary cardiac pacing where such 
procedures are indicated for therapeutic, prophylactic or diagnostic pur- 
poses. The Model 5330 may be used for temporary atrial, ventricular or 
A-V sequential pacing. 

Contraindications — Atrial pacing should be used only in patients with 
intact A-V conduction systems. The existence of anomalous conduction 
pathways bypassing normal A-V conduction is a potential contraindica- 
tion for atrial stimulation. In the A-V sequential pacing mode, use of the 
Model 5330 with certain implanted lead systems may be contraindicated. 
See the 5330 technical manual for more information. 

Warnings — All electrical equipment that is used invasively or attached to 
a pacing lead system increases the patient's chances of exposure to 
potentially hazardous leakage currents. For complete information onthe 
quality and degree of such exposure, consult the technical literature sup- 
plied with each product. 

Precautions— Ali man-made devices are subject to malfunction. Appro- 
priate standby equipment should be immediately available when 
temporary pacing is employed. 

Potential Complications-- Major potential complications related 
to temporary pacing are asystole following abrupt cessation of pacing 
and lead-system-related problems. Atrial stimulation carries, in addition, 
the potential complication of accidental high-rate ventricular stimulation 
possibly resulting in ventricular tachycardia or fibrillation. 


Medtronic* Implantable Pulse Generators 

Intended Uses—Ventricular pacing using an implantable ventricular 
pulse generator and lead system are for long-term therapeutic control of 
heart rate in patients with impulse formation or conduction disorders 
leading to bradyarrhythmias, tachyarrhythmias and heart block (see 
product labeling for detailed list of intended uses). An atrial pulse 
generator is for long-term therapeutic control of heart rate in patients 
with impulse formation disorders but with intact. functioning A-V con- 
duction systems. Cardiac pacing using an implantable A-V sequential 
pulse generator is for long-term therapeutic control of heart rate 
in patients where restoration of A-V synchrony is indicated to improve 
cardiac output or to protect against arrhythmias related to sequence of 
cardiac impulse propagation. 

Contraindications — There are no known contraindications to the use of 
pacing as a therapeutic modality for the control of heart rate in patients 
with normal conduction systems. In certain patients with anomalies of the 
conduction system (WPW syndrome and related conditions), patients 
may be benefited or harmed by cardiac pacing. Therefore, electrophys- 
iologic studies are required prior to therapeutic application of pacing. In 
addition, the patient's age and medical condition may dictatethe 
particular pacing system and implantation procedure used by the 
physician. 

Warnings —Diathermy should not be used on patients with pacemakers 
because of possible heat damage to electronic components. Electro- 
surgical units should never be used in the vicinity of unipolar pulse 
generators or bipolar pulse generators implanted in the unipolar mode 
because of danger of introducing fibrillatory currents into the heart via 
the implanted pulse generator/lead. Pulse generators may be damaged 
by defibriliatory discharges if the paddies are placed over the implanted 
pulse generator. 

Precautions-- The physician should be aware that all pulse generators 
will ultimately cease to function due to cell depletion and may fait at any 
time due to random component or battery failures which cannot be 
predicted prior to failure. Also, that the pacing system may cease to 
function at any time due to lead-related problems such as displacement. 
fracture, fibrotic tissue formation, elevated thresholds and medical com- 
plications, and that proper operation may be affected by electrical inter- 
ference from certain electrical equipment. 

Side Effects — Body rejection phenomena, including local tissue reac- 
tion, muscle and nerve stimulation, infection, erosion of pulse generator/ 
lead through skin, transvenous lead-related thrombosis, embolism and 
cardiac tamponade. 


Medtronic* Implantable Pacing Leads and Accessories 


intended Use — Medtronic* implantable pacing leads are designed tobe 
used with Medtronic*pulse generators as part of a cardiac pacing system 
(see product labeling for specific directions regarding applications). 
Contraindications — Endocardial pacing leads are contraindicated in the 
presence of tricuspid valvular disease. 

Warnings —An implanted lead or lead/adaptor combination constitutes a 
direct, low resistance current path to the myocardium. During the con- 
nection and testing procedures, only battery-powerec pulse generators 
should be used with the lead system to protect against ventricular fibril- 
lation induced by alternating current leakage. Extreme caution must be 
taken to properly ground all line-powered equipment used in the vicinity 
of the patient. Lead adaptors, lead extenders and repair kits should not 
be used if the integrity of the lead.is in doubt. $ 
Precautions—The pacing system may cease to function due to lead- 
related problems such as displacement, fracture, fibrotic tissue forma- 
tion and elevated thresholds. 

Side Effects — Body rejection phenomena. infection, erosion or migra- 
tion through body tissue, transvenous lead-related thrombosis, 
embolism. 

How Supplied — Medtronic* permanent implantable leads and acces- 
sories are supplied sterilized and, in most cases, individually packaged. 


I would like more information on: 

L] A-V sequential pacing G Other 

products 

L] Xyrei?-VP Performance 

( The Mirei™ Pulse 
Generator 


Name - 
Specialty 
Address 
City State Zip 


^... Send this coupon to Medtronic, inc., P.O. Box 1453, 
t. Minneapolis, MN 55440 
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Hypoglycemia 
E One of the 

Most Frequently 
Overdiagnosed 
Diseases! 





E Here at last 

is an objective study of 
essential reactive 
hypoglycemia . . . definition, 
recognition, pathology, 
etiology, and treatment. 


Editors: 


D. Andreani, MD, Prof. of Clinical Endocrinology. Univ. of Rome 
P. Lefèbvre, MD, Dept. of Medicine, University of Liege 
V. Marks. DM, Prof., Dept. of Biochemistry, Univ. of Surrey 


This European (Rome) Symposium was the first free inter- 
change of ideas among scientists in the various medical dis- 
ciplines—physiology, internal medicine, endocrinology, clin- 
ical biochemistry, etc.—necessary to the understanding, 
diagnosis and treatment of hypoglycemia. The concentration 
was on the various aspects of insulin-producing tumors and 
the vexed question of essential reactive hypoglycemia. Spe- 
cial attention was given to the widespread misinterpretation 
of laboratory data relating to the prolonged oral glucose test 
which has resulted in the erroneous belief that "millions 
suffer from hypoglycemia.” 

Send for this fascinating publication on a 30 day free trial 
basis. Keep it only if more than pleased. 

HYPOGLYCEMIA has been carefully edited to simplify 
readability and comprehension. A brief summary allowing for 
quick review precedes each article. 


135 double-column pages, 126 illustrations, figures, 
tables, $23.00 


[d 


Yorke Medical Books AJC-5/79 
666 Fifth Avenue, New York, N.Y. 10019 


Please send me a copy of HYPOGLYCEMIA 
for 30 days' free examination and use at 


$23.00 (money back if you return book). 


NAME. LLL s LII. E meis nece Tana Ba tL 
(PLEASE PRINT) 

ADDRESSL. Le oe Seu LIU c e Lame tae iios 

CTY eu ets LoCo eene S'STATE S Lee Zip 


C] Full Payment enclosed, publisher absorbs shipping cost. 
CJ Bill me, plus cost of shipping. 


in New York State add appropriate sales tax 
Distribution in Europe, Africa and Asia— 


—Georg Thieme Publishers, Stuggart. 
‘eee 














Introducing the Datascope M/D3. 


It offers the world’s first lithium 
emergency power pack as part of the world’s 
most advanced portable 


defibrillator system ever developed. 








Until now, the choice of a 
defibrillator system for the 
hospital was a compromise. 

You could have a 
defibrillator that weighed 35 
pounds or more that functioned 
pretty well on a crash cart. But 
it was a struggle to carry when 
you had to. 

Or you could have a 19 
pound defibrillator system. It 
was certainly lightweight, 
but it deprived you of many 
important features. 

You either had too much of 
one thing or too little of another. 

Now, you can have the 
best of both: the new Datascope 
M/D3. 

The M/D3 is remarkably 
compact and portable. It 
weighs less than 25 pounds. It 
measures only 13" x 15" x 7%". 
Yet it outperforms any heavy 
defibrillator system. And 
certainly any lightweight. 

To start with, the M/D3 
has the most advanced power 
system ever developed. As you 
might expect, the Datascope 
M/D3 operates on either 
battery or line power. 

But unlike conventional 
systems, the M/D3 puts an end 
to the worry about battery 
failure. Because, in addition to 
having nickel cadmium 
batteries, the M/D3 also has a 
revolutionary back-up battery: 

kee 








the first lithium-powered 
emergency pack. 

We conceived the Lithium 
Emergency Power Pack for that 
emergency when your 
rechargeable batteries are 
unusable, for whatever reason. 
Our lithium pack needs no 
maintenance and remains ready 
for use for five years. We can’t 
guarantee that you'll ever use it. 
But we can guarantee you'll be 
glad the first time you do. 

Despite its compactness 
and portability, the M/D3 has 
a scope that measures a full 
5 inches diagonally. The same 
size as you'd find in large 
systems. It has a bright non- 
fade display which you can 
freeze. And a large digital 


Our scope has over 4 times the viewing area of a lightweight. 


display of heart rate. And, 
naturally, it has the quality and 
performance you'd expect 
from the world's largest manu- 
facturer of battery-powered 
monitors. 

Despite its size, the M/D3 
is available in a 500 joule as 
well as a 400 joule version. 
Either model incorporates a 
digital energy meter that 
precisely displays anticipated 
delivered energy. 

Overall, the M/D3 offers 
those innovative details which 
create functional design 
elegance. 

From the way all the oper- 
ating controls are arranged in a 
single plane. 

To the unique, dynamic 
calibration markers on the 









scope that give you an on-going 
indication of the sensitivity of 


the trace. 

To the document switch on 
the paddles which triggers the 
strip chart recorder. To the 
convenient way in which the 
paddles can be removed and 
replaced. 

To the electrode lead fault 
indicator. 

To the manner in which the 
battery pack can 
be rapidly ejected 
for replacement. 
To the fact that 
batteries are 
recharged in less than 5 hours 
instead of the usual 16. 

In short, the M/D3 is the 
most innovative development 
in defibrillator systems today. 

Frankly, there are so many 
exciting features in the M/D3, 
there's simply not enough 
space to discuss them all here. 
We urge you to see the M/D3 
first-hand. To arrange for a 
demonstration call us at 
201-265-8800. Datascope 
Corp., Box 5-S , Paramus, 

NJ 07652. 

In Europe: Datascope 
B.V., Post Box 26, 3870 CA, 
Hoevelaken, Holland. 


The Datascope M/D3 
Defibrillator System 












. Inthe spirit of competition, Clinical Data would 
- ^ like to ask some questions about your long- 
— term ECG (Holter) recording service. 
-= Have they found an alternative to the error- 
t prone, examiner-exhausting, rapid-fire Holter 
-— superimposition method? 
: Can they offer you a miniaturized, two-lead 
. FMcassette recorder with a built-in timing track? 
- Have they ever sent you a new replacement 
fora malfunctioning recorder before you knew 
X anything was wrong? 
cL De they have quality control standards for 
examining their examiners? 
- Are all their sales personnel medically 
trained professionals? 
_.... Do they examine recordings round the 
- Clock, seven days a week? 
— —Qan they convert a twenty-four hour ECG 
tape into a twenty-four hour report, then 
deliver itin less than twenty-four hours? In 
— Los Angeles? Dallas? Chicago? New York? 
















Philadelphia? San Francisco? Cleveland? 
Boston? 

Do they have their own in-house engineer- 
ing and research & development departimen 
to design, maintain, and update their own 
equipment? 

Does their report offer: Selected tracings 
of abnormal ECG activity? Heart rate for the 
entire period of recording? Examiner validat 
quantitation of ectopic activity by morphology 
Asummary of abnormal activity that can be 
interpreted ata glance? 

If you're not sure of the answers to all of 
these questions, we'll give them to you. No. 

Now, we freely admit that we've stacked 
these questions to get the desired answer. But 
our pointis that stacking them was far too 
easy to do. f 

But Clinical Data's answers to these ques- 
tions and many others is a resounding "yes." 
Because each of them represents a significan 
















Is your long-term recording service 


really long-term? 
























ew development introduced by Clinical Data 

ver the last six years. 

We feel strongly that any firm that hasn't 

ade a similar commitment to long-term 

ecording may not be a very long-term com- 

any. Or perhaps not worthy of a long-term 

ommitment from you. 

We'd like the opportunity to show you how 
our competitive edges have made Clinical 

ata by far the largest long-term ECG record- 

g service in the nation — with over fifty ; 

edically trained personnel examining 

undreds of millions of heartbeats and re 

reparing thousands of reports every i Lm 1 ES DESC 
onth. Hii 

Send for our free brochure and sam- 

le LCG Report-II™ It could be the begin- , —— —— 

ing of a no SSH Write Ff in x 

us at 1371 Beacon Street, Brookline, DIT 

assachusetts 02146. Or call toll free Clinical Data, Inc. 


800-225-9180. Making a long-term commitment to long-term recording. 














Ambulatory 


Electrocardiography 
Holter Monitor Electrocardiography 


by E.K. Chung 

Thomas Jefferson University Hospital, 
Philadelphia 

Ambulatory (Holter Monitor) Electrocardiog- 
raphy has become one of the most essential 
non-invasive diagnostic tools in the field of 
cardiovascular disease. All the practical in- 
formation physicians need to use this tech- 
nique in effective diagnosis and treatment 
in daily practice is described and comple- 
mented by over 100 case histories and 152 
electrocardiograms. 

1979 / xi. 241 pp. / 152 electrocardiograms 
11 tables 

ISBN 0.387-90360-7 / Cloth $22.50 


Coronary Heart Disease 
Clinical, Angiographic and Pathologic 
Profiles 

by Z. Viedaver, United Hospitals — Miller 
Division. St.Paul, Minnesota: K. Amplatz, 
University of Minnesota Hospitals, Minne- 
apolis: H.B. Burchell, University of 
Minnesota and Northwestern Hospital, 
Minneapolis: and J.E. Edwards, United 
Hospitals — Miller Division, St. Paul, and 
University of Minnesota, Minneapolis 


“destined to become the standard reference 


work for students of coronary ischemic dis- 
ease. It is beautifully organized. combining 
scholarly analysis of the disease processes... 
with practical aspects of diagnosis and 
therapy... well written...lucidly presented... 
pleasurable to read... 7 — American Scientist 


“authoritative, informative, unique, and 


highly practical..." — JAMA 
4976 ^; 


6 / xv, 584 pp. / 1.252 illus., including 
271 LogEtronic scanned radiographs / 
Cloth $69.80 
ISBN 0-387-90165-5 


Prices subject ta change without notice. 
Springer-Verlag 
New York Inc. 


175 Fifth Avenue 
New York, NY 10010 


New Developments 
in Cardiology | 
from Springer-Verlag 





Heart and Coronary 
Arteries 

An Anatomical Atlas for Clinical 
Diagnosis, Radiological Investigation, 
and Surgical Treatment 

by W.A. McAlpine 


Cardiovascular and Thoracic Surgeon, 
Toledo, Ohio 


" ..magnificent...a landmark...The color 


figures and diagrams are superb...an original 
work that. . will be difficult to surpass” 

— dournal of Nuclear Medicine. “... out- 
standing... magnificent... should not only 
interest surgeons, coronary angiographers, 
and cardiologists, but trainees in all fields 

of cardiology as well...” — American Heart 
Journal. ; 

1976 / xvi, 224 pp: / 1.098 illus, most in color 
ISBN 0-387-06985-2 / Cloth $90.30 


Heart and Coronary 
Arteries Slide Series 


Here is the perfect instructional and illustra- 
tive adjunct to Heart and Coronary Arteries. 
Arranged in book sequence, the unusually 
large, sharply focused slides clearly depict 
the specimens described in the atlas from 
many radiographic vantage points in different 
planes. 

1978 / 252 color slides 

loose-leaf binder $250.00 

ISBN 0-387-92111-7 


Coronary-Prone Behavior 
Edited by TI. M. Dembroski, Eckerd College. 
St. Petersburg. Florida 

S.M. Weiss, d.L. Shields, S.G. Haynes 
& M. Feinleib, National Heart, Lung and 
Blood Institute, National Institutes of Health, 
Bethesda, Maryland 


In this major contribution to the field of 
behavioral medicine, notable authorities assess 
pertinent physiological, sociocultural and be- 
havioral patterns now recognized as leading 
to coronary heart disease. 

1978 / xvi. 244 pp. / 6 illus. / 13 tables 

Cloth $14.80 

(Proceedings of the Forum on Coronary- 
Prone Behavior St. Petersburg. Florida. 
June 1-3, 1977) 

ISBN 0.387-08876-8 


WITHOUT COMPROMISE OF VITALORGANS 


Please see Brief Summary on last page 4 

Before prescribing Minipress, WARNINGS Capsules 1 ma, e mg, z mg 
and DOSAGE AND ADMINISTRATION razosin m 
sections should be carefully reviewed. 





Ip 'OSag 
Patient Compliance 


MINIPRESSsrazosin Hci 


TITRATION IS 

KEY TO 
SUCCESSFUL 
ANTIHYPERTENSIVE 
THERAPY 


Titrate to 
4 mg b.i.d* 


Titrate to 
2 mg b.i.d* 


Start with 
1 mg b.i.d* 





BRIEF SUMMARY 

MINIPRESS® (prazosin hydrochloride} CAPSULES For Oral Use 
INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treat- 
ment of hypertension. As an antihypertensive drug, it is mild to moderat 
activity. i! can be used as the initia) agent or it may be employed in a general 
treatment program in conjunction with a diuretic and/or other antihypertensive 
drugs as needed for proper patient response 


WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with 
sudden loss of consciousness. In most cases this is believed to be due to an 
excessive postural hypotensive effect, although occasionally the syncopal 
episodehas been preceded by a bout of severe tachycardia with heart rates 
of 120-160 beats per minute. Syncopal episodes have usually occurred 
within 30 to 90 minutes of the initial dose ofthe drug; occasionally they have 
bcen reported in association with rapid dosage increases or the introduc- 
tion of another antihypertensive drug into the regimen of a patient taking 
high doses of MINIPRESS (prazosin hydrochloride). The incidence of 
syncopal episodes is approximately 1%in patients given an initial dose of 2 
mg or greater. Clinical trials conducted during the investigational phase of 
this drug suggest that syncopal episodes can be minimized by limiting the 
initial dose of the drug to 1 mg, by subsequently increasing the dosage 
slowly, and by introducing any acditional antihypertensive drugs into the 
patient's regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also 
receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed inthe recumbent position and 
treated supportively as necessary. This adverse effect is self-limiting and in most 
cases does not recur after the initial period of therapy or during subsequent dose 
titration 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for initial 
therapy. 

More common than loss of consciousness are the symptoms often associated 
with lowering of the blood pressure, namely, dizziness and lightheadedness. The 
patient should be cautioned about these possible adverse effects and advised 
what measures to take should they develop. The patient should also 
cautioned to avoid situations where injury could result should syncope occur 
during the initiation of MINIPRESS (prazosin hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in anima 
testing, the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not 
been established. MINIPRESS (prazosin hydrochloride) is not recommended in 
pregnant women unless the potentia benefit outweighs potential risk to mother 
and fetus 
Usage in Children: No clinical experience is available with the use o: 
MINIPRESS (prazosin hydrochloride) in children 
ADVERSE REACTIONS: The mcst common reactions associated wit! 
MINIPRESS (prazosin hydrochloride) therapy are: dizziness 10.3%, headache 


























BEER) 
10 mg b./.d. 


Titrate to 
5 mg b.i.d* 


USUAL 
MAXIMUM DAILY 
i AGE 20 mg 
given in divided doses 
bid orqid ). Afew 
patients may benefit from 
further increases up to a 
daily dose of 40 mg given in 
divided c 


minitial Therapy: The starting 
dosage of Minipress is 1 mg b.i.d. 
or t.i.d. If response is not adequate 
by the next visit, the dosage should be 
ncreased to 2 mg b.i.d. or t.i.d 
um Dosage Titration: Titrate dosage slowly. 
according to patient response, to a maxi- 
mum of 20 mg daily in divided doses. Although 
some patients may be controlled on 1 mg 6./.d 
or t.i.d., generally 6 mg to 15 mg daily will be 
needed in the majority of responding patients to 
achieve optimal blood pressure control 
= Maintenance Therapy: Maintain therapy on a b.i.d. or 
t.i.d. dosage regimen after initial titration. If optimum con- 
trol is not achieved with Minipress asthe initial agent, consicer 
adding a diuretic. If optimum control is not achieved with 
Minipress and a diuretic, consider adding another Step 2 anti- 
hypertensive agent. When adding a diuretic or other antihypertensive 


agent, dosage of Minipress should be reduced to 1 mg or 2 mg t.i.d. 
and retitrated as needed 
m Minipress is available in 1-mg, 2-mg, and 5-mg capsules 





7.8%, drowsiness 7.6%, lack of energy 6.996, weakness 6.5%, palpitations 5.3%, 
and nausea 4.9%. In most instances side effects have disappeared with 
continued therapy or have been tolerated with no decrease in dose of drug 

The following reactions have been associated with MINIPRESS (prazosin 
hydrochloride), some of them rarely. (In some instances exact causa relation- 
ships have not been established 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/ 
or pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia 

Central Nervous System: nervousness, vertigo, depression, paresthesia 

Dermatologic: rash, pruritus 

Genitourinary: urinary frequency, incontinence, impotence 

EENT.: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion 

Other: diaphoresis 

Single reports of pigmentary mottling and serous retinopathy, and afew reports 
of cataract development or disappearance have been reported In these 
nstances, the exact causa! relationship has not been established because the 
baseline observations were frequently inadequate 

In more specific slit-lamp end funduscopic studies, which included adequate 
baseline examinations, no drug-related abnormal ophthalmological findings 
have been reported 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration 

Initial Dose: 1 mg two or three times a day. (See Warnings) 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 
mg given in divided doses. The therapeutic dosages most comme nly employed 
have ranged from 6 mg to 15 mg daily given in divided doses. Doses higher than 
20 mg usually do not increase efficacy, however a few patients may benefit from 
further increases up to a daily dose of 40 mg given in divided doses. After initial 
titration some patients can be maintained adequately on a twice daily dosage 
regimen 

Use With Other Drugs: When adding a diuretic or other antihypertensive agent, 
the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or2 
mg three times a day and retitration then carried out 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg 
#431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and 
vse institutional packages of 100 (10x 10's); and 5 mg (blue and white #438) 
sules in bottles of 250, 500 and unit dose institutional packages of 100 (10 x 








































Mere detailed information available on request 


Gu» LABORATORIES DIVISION 
PFIZER INC 
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The Varian V.23UUU 
hased Array Ultrasonogyi 





TO THOSE WE 
DEMAND THE 
ULTIMATE IN 
PERFORMANCE, 
VARIAN BRINGS: 


m High Resolution 
Real-Time Imaging 

m Proven Quality 
and Service 

m Sustained R &D 
Commitment 

m History of Updating 
Existing Instruments 
with New Developments- 
Protection Against 
Obsolescence 


* Exceptio onal 
Examination Speed 
A LASTING INVESTMENT 
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. SUSTAINED. RELEASE 
_ TABLETS, 330 mg 
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ng-acting 


(ode sik NI 
greater convenience 


.. 1979 Warner-Lambert Company 





CONVENIEN 


CIPRICED FOR GREATER ~ 
ECONOMY 


COST IS APPROXIMATELY 20% LESS THAN OTHER 
LONG-ACTING QUINIDINE GLUCONATE THERAPY." 


*The quantity of drug and frequency of administration needed to achieve desired.clinical results 
must be determined for each patient. 







Red Book, 1979. 


8f summary of prescribing information 

DURAQUIN® (quinidine gluconate tablets) Sustained Release 
CLINICAL PHARMACOLOGY: In clinical studies, single doses of Duraquin produced a 
mean maximum plasma level at 2 hours which was maintained for 12 hours. This broad pla- 
teau indicates slow, continuous absorption from the gastrointestinal tract 

“In multiple dose studies, administration of Duraquin tablets, 660 mg every 12 hours, pro- 
duced steady state (equilibrium) plasma levels shortly after 24 hours. The average quini- 
dine plasma levels (Cramer and Isaksson assay *) were 0.81 mcg/ml and the mean peak 
levels were 1.16 mcg/ml in a group of normal male subjects weighing 75 Kg. Following the 
last dose at steady state, quinidine plasma levels decreased at an approximate rate of 
5096 in 10 hours. This compares to the expected plasma half-life of 6.3 hours for quinidine 
Sulfate tablets, USP. 

Therapeutic and toxic effects coordinate better with plasma levels than with dosage. 
While therapeutic levels of 3 to 6 mcg/ml with a range of 1.5 to 9 mcg/ml have been re- 
ported, these values are based on peak plasma levels determined by the less specific 
Edgar and Sokolow assay? This procedure yields quinidine levels averaging 22% higher 
than the Cramer and Isaksson assay. Plasma levels vary considerably in patients receiving 
identical doses. Therefore, it is advisable to adjust the dosage by monitoring plasma quini- 
dine levels. 

INDICATION: Duraquin tablets are indicated for the prevention of premature atrial, nodal, 
or ventricular contractions. They are also indicated for the maintenance of normal sinus 


rhythm following spontaneous reversion or electrical conversion of atrial, nodal, or ventricu- 


lar tachycardia, atrial flutter and fibrillation (either paroxysmal or chronic) 


*Cramer, G. and Isaksson, B. Quantitative Determination of Quinidine in Plasma. Scandina- 


vian J. Clin, & Lab. Investigation 15, 553, 1963. 


Edgar, A.L. and Sokolow. M. Experiences with the Photofluorometric Determination of 
Quinidine in Blood. J. Lab. Clin. Med. 36, 478, 1950. 


Pies rali PARKE-DAVIS 









sustained-release tablets, 330 mg 


CONTRAINDICATIONS: 1. History of hypersensitivity to quinidine manifested by throm- 
bocytopenia, skin eruption, febrile reactions, etc 
2. Complete A-V block 
3. Complete bundle branch block or other severe intraventricular conduction defects ex- 
hibiting marked QRS widening or bizarre complexes 
4. Myasthenia gravis. 
5. Arrhythmias associated with digitalis toxicity. 
WARNINGS: 1. (a) In the treatment of atrial fibrillation with rapid ventricular response, ven- 
tricular rate should be controlled with digitalis glycosides prior to administration of 
quinidine. 
(b) In the treatment of atrial flutter with quinidine, reversion to sinus rhythm may be pre- 
ceded by progressive reduction in the degree of A-V block to a 1:1 ratio resulting in an ex- 
tremely high ventricular rate. This potential hazard may be reduced by digitalization prior to 
administration of quinidine 

Recent reports have described increased, potentially toxic, digoxin plasma 
levels when quinidine is administered concurrently. When concurrent use is nec- 
essary, digoxin dosage should be reduced and plasma concentration should be 
monitored and patients observed closely for digitalis intoxication. 
2. Quinidine cardiotoxicity may be manifested by increased PR and QT intervals, 5096 wid- 
ening of QRS, and/or ventricular ectopic beats or tachycardia. Appearance of these toxic 
signs during quinidine administration mandates immediate discontinuation of the drug, 
and/or close clinical and electrocardiographic monitoring. Note: Quinidine effect is 
enhanced by potassium and reduced in the presence of hypokalemia. 


3. "Quinidine Syncope” may occur as a complication of long-term therapy. It is manifested 


by sudden loss of consciousness and ventricular arrhythmias with bizarre QRS complexes 
This syndrome does not appear to be related to dose or plasma levels but occurs more of- 
ten with prolonged QT intervals 


PARKE-DAVIS 
Division of Warner-Lambert Company 
Morris Plains, NJ 07950 


Brief summary continued on following page: 

























Dura 





-— (QUINIDINE GLUCONATE 


TABLETS) sustained-release tablets, 330 mg 


Brief summary continued from orevious page. 


4. Because quinidine antagonizes the effect cf vagal excitation upon the atrium and the 

A-V node, the administration af parasymr.athomimetic drugs (choline esters) or the use of 

any other procedure to enhance vagal activity may fait fo terminate paroxysmal supraven- 

tricular tachycardia in patients receiving quinidine 

5. Quinidine should be used with extreme caution in 

a) The presence of incomplete A- V block, since a complete block and asystoie may result 

Quinidine may cause unpredictable abnormalities of rhythm in digitalized hearts. There- 

fore, t should be used with caution in the p'esence of digitalis intoxication (see 1. (D) above} 

b) Partial bundie branch block : 

c) Severe congestive heart failure and hypotensive states due to the depressant effects of 

quinidine on myocardial contractility and arterial pressure 

d) Poor renal function, especially renal tubular acidosis, because of the potential accumu- 

lation of quinidine in plasma leading to toxic concentrations 

PRECAUTIONS: 

1. Test Dose-— A preliminary test dose of a single tablet of quinidine sulfate should be ad- 

ministered prior to the initiation of the sustained release gluconate to determine whether 

the patient has an idiosyncrasy to the Quiredine molecule 

2. Hypersensitivity-—During the first wee«s of therapy hypersensitivity to quinidine, al- 

though rare, should be considered (eg. angioedema, purpura, acute asthmatic episode, 

vascular collapse), 

3. Long-Term Therapy — Periodic blood counts and liver and kidney function tests should 

be performed during long-term therapy and the drug should be discontinued i blood 

dyscrasias or signs of hepatic or renal disorders occur. 

4. Large Doses -- ECG monitoring and determination of plasma quinidine levels are rec- 

ommended when doses greater than 2:5 g“day are administered 

5. Usage in Pregnancy — The use of quinidine. in pregnancy, should be reserved only for 

those cases where the benefits outweigh the possible hazards to the patient and fetus 

8. Nursing Mothers— The drug should be used with extreme caution in nursing mothers 

because the drug is excreted in breast mik. 

7. General— in patients exhibiting asthma, muscle weakness, and infection with fever prior 

to quinidine administration, hypersensitivity reactions to the drug may be masked. 

DRUG INTERACTIONS: 

4. Caution should be used when quirudine and its analogs are administered concurrently 

with coumann anticoagulants. This combination may reduce prothrombin levels and cause 

bleeding. 

2. Quinidinie, a weak babe. may have its half-life grolonged in patients who are concurrently 

taking drugs that can alkalize the urine, such as thiaz-de diuretics, sodium bicarbonate, 
oand carbonic anhydrase inhibitors. Quinidine and drugs which alkalize the urine should be 

used together cautiously. 

73. Quinidine exhibits a distinct anticholinergic activity in the myocardial tissues. An additive 
vagolytic effec! may be seen when quinidine and drugs having anticholinergic blocking 
activity are used together. Drugs having cholinergic activity may be antagonized by 
quinidine. 

4. Quinidine and other antiarrhythmic agents may produce additive cardiac depressant ef- 
fects when administered together. 

5. Quinidine interaction with cardiac glycosides (digoxin). See WARNINGS. 

6. Antacids may delay absorption of quinidir-e but appear unlikely to cause incomplete 
absorption 

7. Phenobarbital and phenytoin may reduce plasma t of quinidine by 50% 

8. Quinidine may potentiate the neuromuscular biocking effect in ventilatory depression of 
patients receiving decamethonium, tubocurare, or succinylcholine. 

ADVERSE REACTIONS: Symptoms of cinchonism (ringing in the ears, headache, dis- 
turbed vision) may appear in sensitive patients after a single dose of the drug 
Gastrointestinal: The most common side effects encountered with quinidine are refer- 
ablé to this system. Diarrhea frequently occus, but it rarely necessitates withdrawal of the 
drug. Nausea, vomiting, and abdominal pain also occur. Some of these effects may be 
minimized by administering the drug with meats. 

Cardiovascular: widening of ORS complex, cardiac asystole, ventricular ectopic beats, 
idioventricular rhythms including ventricular tachycardias and fibrillation: paradoxicat 
tachycardia, arterial embolism and hypotension. 

Hematologic: acute hemolytic anemia, hypaprothrombnemia. thrombocytopenic pur- 
pura, agranulocytosis 

CNS: headache, fever, vertiga, apprehension. excitement, confusion. delinum and syn- 
cope. disturbed hearing (linnitus, decreased auditory acuity}. disturbed vision (mydriasis. 
blurred vision, disturbed color perception. photophobia. diplopia. night blindness, scoto- 
mata) optic neuritis 

Dermatologic: cutaneous flushing with intense pruritus 

Hypersensitivity reactions: angioedema, acute asthmatic episode, vascular collapse, 
respiratory arrest. 

DOSAGE AND ADMINISTRATION: Dosage should be titrated to give the desired 
clinical effect, e.g., elimination of paroxysmal rhythm or reduction in premature 
contractions (See CLINICAL PHARMACOLOGY). This will often require prolonged 
ambulatory ECG monitoring, as hour-to-hour variability renders brief ECG record- 
ings unreliable. When doses larger than 2.5 g/day are used, quinidine blood levels 
should be monitored, if possible, and serial ECGs should be followed (See WARN- 
INGS and PRECAUTIONS). 

For prevention of premature contractions and maintenance of normal sinus rhythm fol- 
lowing spontaneous reversion or electrical conversion, the usual dosage is from 330 mg to 
660. mg every eight hours, most patients requiring Ine higher dose. 

in eideriy patents. and in patients in the lower end of the normal weight range, plasma 
quinidine determinations should be considered. Dosage adiustments may be required 
OVERDOSAGE: Cardiotoxic effects of quinidine may be reversed in part by molar sodium 
lactate; the hypotension may be reversed by vasoconstnctors and by catecholamines 
{since the vasodilation is partly due to aipha-acrenergic blockade? 

HOW SUPPLIED: N 0071-0850 (F-D 850) Durequin (quinidine gluconate tablets) 330-mg 
tablets are supplied in bottles of 100 tablets. 
AHFS Category 24.04 YD 
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Division of Warner-Lambert Company 
Morris Plains, NJ 07950 
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Aldactazide 


(spironolactone 25 mg./ 
hydrochlorothiazide 25 mg.) 


WARNING d 
Spironolactone, an ingredient of Aldactazide, has been shown to be a tumorigen in 
| chronic toxicity studies in rats (see Warnings). Aidaciazide should be used only in 
_ those conditions described in the fadications section ofthe complete prescribing infor- 
j mation. Unnecessary use of this drug should be avoided. 

Fixed- dose combination drugs are not indicated for initial therapy of edema or hyper- 
tension. Edema or hypertension requires therapy titrated to the individual patient, if the 
| fixed combination represents the dosage so determined, its use may be more-conven- 
ient in patient management. The treatment of hypertension and edmo is not static, but 
must be reevaiuated as conditions in each patient warrant. E 




















Contraindications: Anuria, acute renal insufficiency, significant impairment of renal 
function, hyperkalemia or acute or severe hepatic failure. Allergy fo thiazide diuretics or 
te other sutfonamide-derived drugs. 

Warnings: Excessive potassium iatake may cause hyperkalemia. Potassium suppie- 
ments should not be given with Aldectazide. Do not administer concurrently with other 
potassium-sparing diuretics. Sulfonamide derivatives including thiazides have been 
reported to exacerbate or activate sysiemic lupus erythematosus. 

Spironolactone has been shown tc be a tumorigen in chronic toxicity studies in rats, in 
ane study using 25, 75 and 250 times the usual daily humon dose (2 mg./kg.) there 
as a statistically significant dose-related increase in benign adenomas of the thyroid 
and testes. in female rats there was o statistically significant increase in rnalignant 
mammary tumors at the mid-dose only. In male rats there was a dose-related increase 
irt proliferative changes in the liver. At the highest dosage level (500 mg. /kg.) the range 
of effects included hepatocytomegaly, hyperplastic nodules and hepatocellular car- 
cinoma; the last was not statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
and electrolyte bolance. Hyperkalemia may occur in patients with impoired renal func- 
fon or excessive potassium intake and can cause cardiac irregularities which may be 
fatal. Hypokalemia may develop as a result of profound diuresis, particularly when 
Alüactazide is used concomitantly with loop diuretics, glucocorticoids or ACTH. Transient 
elevation of BUN may occur. Dilutional hypenatremia. or rarely low-salt syndrome moy 
develop. Gynecomastia may develop and in rare instances some breast enlargement 
mey persist. 

Thiozides may alter the metabolism of uric acid and carbohydrates with possible 
hyperuricemia, gout and decreased glucose tolerance. Vascular responsiveness to 
norepinephrine is reduced. Thiazides: may also increase the responsiveness fo tubo- 
cumrine Thiozides may decrease seram PBI levels and prolonged therapy may induce 
hypercalcemia and hypophosphatemia. 

Spironolactone may and hydrochtorothiazide does cross the placental barrier. Use in 
pregnant women requires that the anticipated benefit be weighed agains! possible haz- 
ards fo the fetus. Breast feeding shouldbe discontinued when Aldactozide is being used. 

Adverse Reactions: 

Associated with spironolactone: Gynecomastia is observed not infrequently. Gas- 
frointestinal symptoms including cramping and diarrhea, drowsiness, lethargy, head- 
ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental confusion, 
drug fever, ataxio, inability to achieve or maintain erection, irregular menses or amenor- 
thea, postmenopausal bleeding, hirsutism and deepening of the voice. Carcinoma of the 
beast has been reported but a cause-and-effect relationship: has not been established. 

Associated with thiazides:. Gastrointestinal symptoms (anorexia, nausea, vomiting, 
diarrhea, abdominal cramps), purpura, thrombocytopenia, leukopenia, agranulocy- 
tosis, dermatologic symptoms (cutaneous eruptions, pruritus, erythema multiforme), 
paresthesia, acute poncreatitis, jaundice, dizziness, verigo, headache, xanthopsig, 
phoiosensitivity, necrotizing angiitis, aplastic anemia, orthostatic hypotension, muscle 
spasm, weakness and restlessness. 

Adverse reactions are usually reversible upon discontinuation of Aldactazide. 


Address medical inquiries to: 


G. D. Searle & Co. 

Medical Communications Department 
Box 5110 

Chicago, Illinois 60680 


Searle & Co. 
San Juan, Puerto Rico 00936 


911-1 





No longer grounded by hypertension... 
No longer grounded by the side effects of therapy. 


he majority of 32 USAF aircrewmen with elevated 
blood pressure failed to respond adequately to therapy 
ith a thiazide diuretic.’ 


or these 32 patients, therapy with Aldactazide* 
spironolactone 25 mg./hydrochlorothiazide 25 mg.)* 
produced a 94% efficacy rate in blood-pressure con- 
roli—as well as an absence of orthostatic hypoten- 
ion and sedation which could compromise flying 
safety—84% returned to flying duty. 


Additive antihypertensive action 


Mdactazide is the only potassium-sparing combination 
f diuretics with additive action; that is, both compo- 
ents are consistently effective antihypertensive agents. 
he two diuretic agents in Aldactazide have different but 
omplementary mechanisms and sites of action to pro- 
ide additive antihypertensive effects. Aldactazide has 
een shown to be more effective in reducing blood pres- 
ure than either of its components used alone. 


imitations to consider: 


pironolactone has been shown to be a tumorigen in 
ronic toxicity studies in rats. Thus, Aldactazide should 















be prescribed only when other measures are considered 
inadequate or inappropriate. Fixed-dose combination 
drugs are not indicated for initial therapy. (See boxed 
warning and Warnings section of Aldactazide prescribing 


information.) 


Aldactazide 


(spironolactone 25 mg. /hydrochlorothiazide 25 mg.) 


Effective long-term hypertension ther- 
apy when other measures are consid- 
ered inadequate or inappropriate. 


1. Hull, D. H., and others: Treatment of Hypertension in Aviators: A Clinical Trial With 
Aldactazide, Aviat. Space Environ. Med. 49:503-511 (March) 1978. 

* While nondiuretic antihypertensive medications should be considered for the 
general hypertensive population unresponsive to thiazides, USAF determined 
that the demands placed on crewmembers of high-performance aircraft made 
these therapies inappropriate. 

+ The authors suggest that the high success rate in this particular study may have been 
due to the relative mildness of their patients’ hypertension and to their concurrent 
adoption of corrective physiological measures. 






pfore prescribing Aldactazide, please consult the complete prescribing information, a brief summary of which is on the facing page. 























Only MEDDARS i omplete picture of the RS system that computes a complete spectrum of hemo- 


patient's cardiac fonction itjustaglance.Thatsthe ^ ^ dynamic information. You can also add options for ieft 
point, every bitof cardiac cath information appearson ventricular volume analysis and even database storage 
asingle nonfade display for easy analysis. Pressure and retrieval. No other cath lab data system, whatever 
waveforms, the ECG, alphanumerics, computer- the price, offers such performance, convenience and 
generated graphics—you see it all in meaningful open-ended flexibility. 
relationship. And MEDDARS lets you manipulate this For complete details on how MEDDARS can meet 
data with unprecedented ease. your cath lab needs, call Ed Rosenthal at (303) 771-47 

If you choose, your MEDDARS canstartasjusta Or contact Honeywell Physiological Data Systems, 
basic display and recording system. You can later Box 5227, Denver, Colorado 80217. 
upgrade it— right in your lab— into a fully automated 

WE'LL SHOW YOU A BETTER WAY. 


Honeywell 


ANOXIN® 
HGOXIN) 


, ABLETS 0.125 mg Scored (yellow), 1.D. Imprint Y3B 
E 0.25 mg Scored twhitei. LD. Imprint X3A 
0.5 mg Scored (green), 1.D. Imprint T9A 


.ANOXIN* 


IGOXIN) 
‘-LIXIR PEDIATRIC 50 mcg (0.05 mg) per cc 


ADICATIONS: 
-Congestive heart failure: Congestive heart failure, all degrees, is the primary indication. The 
icreased Cardiac output due to digoxin results in diuresis and general amelioration of the disturbances 
aerate of right (venous congestion. edema) and left dyspnea. orthopnea, cardiac asthma} 
gart faute. 

Digoxin, generally. is most effective in "low output" failure and less effective in "high output" 
ironchapulmonary insufficiency, infection, hyperthyroidism) heart failure. 

“Digoxin should be continued after heart failure is abolished unless some known precipitating 
ictor is corrected. 


; Atrial fibrillation: Atrial fibrillation, especially when the ventricular rate is elevated. Digoxin 
ipidly reduces ventricular rates and eliminates the pulse deficit. Palpitation, precordial distress or 
Pakness are relieved and any concomitant congestive failure ameliorated. Digoxin should be 
gntinued in doses necessary to maintain the desired ventricular rate and other clinical effects. 


; Atrial tutter: Digoxin slows the heart and regular sinus rhythm may appear. Frequently the 
utter is converted to atrial fibrillation with a slow ventricular rate. Stopping digoxin at this point 
y be followed by restoration of sinus rhythm, especially if the flutter was of the paroxysmal 
pe. It is preferable, however, to continue digoxin if failure ensues or if atrial flutter is a frequent 
pourrence. 

Paroxysmal atrial tachycardia: Oral digoxin may be used, especially if the condition is resistant 
lesser measures. Depending on the urgency, a more rapid acting parenteral preparation may 
“preferable to initiate digitalization, although if heart failure has ensued or paroxysms recur 
Pquently, digoxin should be maintained by oral administration. 

Digoxin is not indicated in sinus tachycardia unless due to heart failure. 

 Cargiogenic shock: The drug is oftes employed, especially when the condition is accompanied 
pulmonary edema. Digoxin seems to affect adversely shock due to septicemia from gram- 
ative bacteria. 

BNTRAINDICATIONS: The presence of toxic effects isee ADVERSE REACTIONS section) in- 
Iced by any digitalis preparation is a contraindication to all of the glycosides. 

‘Allergy, though rare, does occur. ft may not extend to all preparations, and another may be 















































d. 
Ventricular fibrillation. 





Digitalis atone or with other drugs has been promoted for use in the treatment of obesity. 
[his use of digoxin or other digitalis glycosides is unwarranted. Moreover, since they may 
ause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the 
reatment of obesity is dangerous. 





ny of the arrhythmias for which digoxin is advised closely resemble those reflecting digoxin 
pxication. if the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 
porarily withheld if permitted by the clinical situation. 

he patient with congestive heart failure may complain of nausea and vomiting. These symptoms 
y also be indications of digoxin intoxication. A clinical determination of the cause of these 
Inptoms must be attempted before further drug administration. 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
y considerable variability in their tolerance to digoxin, depending on their degree of maturity. 
remature and immature infants are particularly sensitive. and dosage must be reduced and 
talization should be even more individualized and cautiously approached than in more mature 
nts. impaired renal tunction must also be carefully taken into consideration. 

ongestive heart failure accompanying acute glomerulonephritis requires extreme care in digitaliza- 
k A relatively iow total dose administered in divided doses and concomitant use of anti 
etensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 
inued as soon as possible. 

'atients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
pss cardiac failure is severe, it is doubtful whether digoxin should be employed. 

Patients with rheumatic carditis, especially when severe, are unusually sensitive to digoxin and 
E to disturbances of rhythm. If heart failure develops, digitalization may be initiated with 
tively low doses: then it can be cautiously increased until a beneficial effect is obtained. H a 
apeutic Pu does not result in improvement, the drug should be considered ineffective and be 
ontinued. 

ote: Digitalis glycosides are an important cause of accidental poisoning in children. 


CAUTIONS: Atrial arrhythmias associated with hypermetabolic states are particularly resistant 

peel treatment, Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
mia. ; 

igoxin is not indicated for the treatment of ventricular tachycardia unless congestive heart 

pre supervenes after a protracted episode not itself due to digoxin. 

ütassium depletion sensitizes the myocardium to digoxin and toxicity may develop even with 

Bi dosage. Hypokalemia may also alter the rate of onset and intensity of the positive inotropic 

t of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 

jg treated with digoxin. 

lotassium wastage may result from diuretic or corticosteroid therapy. hemodialysis, and from 

ion of gastrointestinal secretions. ft may accompany malnutrition, diarrea. prolonged vomiting, 

Bue. and long-standing congestive heart failure. In general, rapid changes in serum potassium or 

ir electrolytes are to be avoided, and intravenous treatment with potassium should be reserved only 

Boecial circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED 

DVERDOSAGES section). 

tients with acute myocardial infarction, severe pulmonary disease. or far advanced heart 

te may be more sensitive to digoxin and more prone to disturbances of rhythm. 

icium affects contractility and excitability of the heart in a manner similar to that of digoxin. 

ium may produce serious arrhythmias in digitalized patients. 

myxedema, the digoxin requirements are less because excretion rate is decreased and blood 

ls are significantly higher. 

incomplete A-V block, especially in patients subject to Stokes-Adams attacks, advanced or 

piete heart block may develop i! digoxin is given. Heart failure in these patients can usually 

pnttolled by other measures and by increasing the heart rate. 

Btients with chronic constrictive pericarditis may respond unfavorably to digoxin. 

plients. with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 

55 cardiac failure is severe, it is doubtful whether digoxin should be employed. 

pnal insufficiency delays the excretion of digoxin and dosage must be adjusted accordingly in 

ints with rena disease. Note: This applies also to potassium administration should it become 

sary. 

ectrical conversion of arrhythmias may require reduction of digoxin dosage. 

bsage must be carefully titrated and differences in the bioavailability of parenteral preparations, 

6, and tablets should be taken into account when switching patients from one preparation 

ther. 

pctrocardiographic monitoring may be necessary to avoid intoxication. 





Premonitery signs of toxicity in the newborn are undue slowing of the sinus rate, sinoatrial 
arrest, and prolongation of PR interval. 


ADVERSE REACTIONS: 
Gynecomastia: Uncommon. 


Overdose or toxic effects in adults: 
Gastrointestinal: Anorexia, nausea, vomiting, diarrhea are the most common early symptoms of 
overdosages in the adult (but rarely conspicuous in infants) Uncontrolled heart failure may also 
produce such symptoms. 

Central nervous system: Visual disturbances (blurred vision, yellow vision), headache, weakness, 


apathy. 

Cardiac disturbances (arrhythmias): Ventricular premature beats are the most common, except 
in infants and young children. Paroxysmal and nonparoxysmat nodal rhythms. atrioventricular iater- 
ference} dissociation and paroxysma! atrial tachycardia (PAT) with block are also common arrhythmias 
due to digoxin overdosage. 

Conduction disturbances: Excessive slowing of the pulse is a clinical sign of digoxin overdosage. 
Atrioventricular block of increasing degree may proceed to complete heart block. Note. The 
electrocardiogram is fundamental in determining the presence and nature of these cardiac toxic 
disturbances. Digoxin may alse induce other changes (as of the ST segment). but these provide no 
measure of the degree of digitalization. 


Overdose or toxic effects in children: 
Toxic signs differ from the adult in a number of respects. Cardiac arrhythmias are the more 
teliable and frequent signs of toxicity. 

Vomiting and diarrhea, neurologic. and visual disturbances are rare as initial signs. 

Premature ventricular systoles are rarely seen; nodal and atrial systoles are more frequent. 

Atrial arrhythmias, atrial ectopic rhythms, and paroxysmal atrial tachycardia with A-V block 
particularly are more common manifestations of toxicity in children. 

Ventricular arrhythmias are tare. 

TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Digoxin should be discontinued 
until all signs of toxicity are abolished. Discontinuation may be al that is necessary if toxic 
manifestations are not severe and appear after the time for peak effect of the drug. 

Potassium salts are commonly used. Potassium chloride in divided oral doses totaling 4-6 
grams for adults (see PEDIATRIC INFORMATION section for pediatric dosage) may be given 
provided renal function is adequate. 

When correction of the arrhythmia is urgent and the serum potassium level is iow or normal, 
potassium should be administered intravenously in a solution of 5 percent dextrose in water. A total 
of 40-100 milliequivalents (30 milliequivalents per 500 milliliters) is given at the rate of 20 
milfiequivaients per hour unless limited by pain due to local irritation. 

Additional amounts may be given if the arrhythmia is uncontrolled and the potassium well 
tolerated. 

Continuous electrocardiographic monitoring should be performed to watch for any evidence of 
potassium toxicity, e.g., peaking of T waves, and to observe the effect on the arrhythmia so that 
the infusion may be promptly Stopped when the desired effect is achieved. 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block 
due to digoxin and not related to any tachycardia. 

Other agents that have been approved for the treatment of digoxin intoxication include procainamide, 
lidocaine, and propranolol. 

Pediatric information: (See adult section for other recommendations for the treatment of arrhythmias 
produced by overdosages and for additional recommendations and cautions regarding the use of 
potassium.) Potassium preparations may be given orally in divided doses totaling 1-1.5 milliequiv- 
alents/kitogram {1 gram K contains 13.4 milliequivalents). When correction of the arrhythmia is urgent, 
approximately 0.5 milliequivalents/kilogram of potassium per hour may be given. with careful 
electrocardiographic monitoring. as a solution of 20 milliequivalents or less for 500 mitliliters in 
5 percent dextrose in water. The total dose should generally not exceed 2 miltieguivalents of 
potassium/kilogram. 

DOSAGE AND ADMINISTRATION: Ora! digoxin is administered slowly or rapidly as required until 
the desired therapeutic effect is obtained without symptoms of overdosage. The amount can be 
predicted approximately from the jean body mass of the patient with allowances made for excretion 
during the time taken to induce digitalization. 

Subsequent maintenance dosage is also determined tentatively by the amount necessary to 
sustain the desired therapeutic effect. , 

Recommended dosages are practical average figures that may require considerable modification 
as dictated by individual sensitivity or associated conditions. Diminished renal function i5 the most 
important factor requiring modification of recommended or average doses. (See WARNINGS and 
PRECAUTIONS sections.) 

The average amount of digoxin that patients must accumulate to be digitalized with digoxin 
tablets is 1.0-1.5 milligrams. Digitalization may be accomplished by any of several approaches that 
vary in dosage and frequency of administration, but reach the same endpoint im terms of total 
amount accumulated. 

in previously undigitalized patients, a single loading dose of 0.5-0.75 milligram orally usually 
produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours. Additional doses of 
0.25-0:5 milligram may be given cautiously at 6-8 hour intervals to full digitalization. 

in previously undigitalized patients, institution of daily maintenance therapy (0.125-0.5 milligram, 
see next paragraph) without a loading dose results in development of steady-state plateau con- 
centratiens in about 7 days in patients with normal renal function. 

The average daily oral maintenance dose is 0.125-0.5 milligram. usually 0.25 milligram. in the 
elderly patient, 0.125-0.25 milligram should be considered the average maintenance dose. 

in patients with renal impairment, digoxin excretion is impaired and serum half-life is prolonged. 
Digitalizing and maintenance doses are lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develop sooner in patients with renal impairment. and il takes longer 
for toxic signs and symptoms to disappear. Because of the prolonged half-life. a longer period of time 
is required to achieve an initial or new steady-state plateau in patients with renal impairment than in 
patients with normal renal function. . 

it cannot be overemphasized that the values given are averages and substantial individual variation 
can be expected. 

Children: Digitalization must be individualized. Generally, premature and immature infants are par- 
ticularly sensitive, requiring reduced dosage that must be determined by careful titration. 

Oral Dosage. Beyond the immediate newborn period, children require proportionally greater doses 
than adults on the basis of body weight or surface area. The recommended atal digitalizing dosages 
in children with normal renal function are: 

Newborn infants (normal), up to 1 month, require 40-60 micrograms imcg)/kilogram. 

infants, 1 month to 2 years, require approximately 60-80 micrograms (mcg)/kilogram. 

Children, 2 years to 10 years, require 40-60 micrograms imcgj/kilogram.- 

Children, over 10 years of age. require adult dosages in proportion to their body weight. 

Maintenance therapy is 20-30 percent of the digitalizing dose administered each day. 

Long term use of digoxin is indicated in almost all infants who have been digitalized for acute 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least 
2 years of age in all infants with paroxysmal atrial tachycardia or in those who show either definite 
ot latent failure. 

Many MN with severe inoperable congenital defects need digoxin throughout childhood and 
often for fife. 
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Of 82 patients with medically refractory unstable angina pectoris seen 
between October 1972 and January 1978, 60 patients underwent a 
combination of intraaortic balloon pump counterpulsation, cardiac cath- 
eterization and coronary revascularization. Most patients had athero- 
sclerotic involvement of the vessels of the anterior left ventricular wall, 
48 patients (80 percent) had abnormalities of left ventricular wall con- 
traction and 22 patients (36 percent) had evidence of acute myocardial i 
injury. One operative and one late death occurred. The perioperative in- 
farction rate was 5 percent. Survivors, followed up for 3 to 63 months 
(mean 31 months), have done remarkably well; 77 percent are considered 
employable, and more than 90 percent are in functional class 1 or I. = 


Despite earlier reports to the contrary, patients with unstable angina 
pectoris have tolerated angiography and coronary bypass graft surgery _ 
with low morbidity and mortality rates.) Although some studies? 
indicate that the short-term mortality may be similar for both medically — . 
and surgically treated patients, other data suggest that the long-term >o 
morbidity and mortality of these patients can be decreased by operation.? 
This review of our clinical experience was undertaken to assess the . 
long-term outlook for patients with unstable angina refractory to = 
medical treatment who have undergone bypass operations on an urgent o 
basis. 








Methods 


Patients: From October 1972 through January 1978, a total of 82 patients at 
the Beth Israel Hospital underwent attempted intraaortic balloon pump ines 
sertion for medically refractory unstable angina. All patients had angina. decu-- 
bitus for 48 hours or more within an intensive care unit setting. Chest pain was = 
accompanied by transient electrocardiographic S-T changes and was unre. 
sponsive to an optimal medical program consisting of administration of pro 
pranolol for maximal beta adrenergic blockade (resting pulse below 60/min),. 
if not contraindicated, and administration of nitrate (to a systolic blood pressure” 
of less than 105 mm Hg) in the form of sublingual nitroglycerin, isosorbide di- E 
nitrate or nitroglycerin ointment. Electrocardiograms and serum enzyme de  — 











May 1979 The American Journal of CARDIOLOGY Volume 43 877 - : 





terminations were obtained daily. A prior myocardial in- 
farction, however recent, was not a sufficient criterion for 
exclusion from the protecol if the patient continued to have 
episodes of unstable angina as defined. 

Angiography and surgery: Within 24 hours of the insti- 
tution of counterpulsation, coronary and left ventricular an- 
giography was performed using previously described tech- 
niques,!? and coronary bypass graft surgery was performed 
within 72 hours of balloon insertion. A bubble oxygenator was 
primed with Ringer's lactate solution, 5 percent dextrose in 
water, and albumin, and a roller pump was used. One or two 
proximal aortosaphenous anastomoses for grafts were usually 
constructed before cardiopulmonary bypass was begun. 
Moderate hypothermia (25° to 28°C) and left ventricular 
. venting were utilized in all patients. The heart was contin- 
uously bathed with cold (approximately 5°C) Ringer's lactate 
solution, which obviated the need for electrically induced fi- 
brillation. The aorta was cross-clamped infrequently, and then 
only for short periods of time. All distal anastomoses were 
carried out with à combination of interrupted and continuous 
7-0 Tevdek® or Prolene® sutures. Mechanical coronary end- 


MEDICALLY REFRACTORY UNSTABLE ANGINA 


Oct,1972 - Jon, 1978 
CLINICAL DIAGNOSIS 








Technical failure IABP 
of insertion 
IABP cath 
No IABP * No CABG 


completed MI 6 
minimal disease | 
coronary spasm |! 
normaicoronaries 2 


$ CABG 
MI while awaiting 


È operation | 
success? ul operative 
OG 


revascularization death 
operative death survived 
Oe) 


late death lostto repeated x2 
follow up 


FIGURE 1. Clinical course of 82 patients with medically refractory 
angina pectoris selected for intraaortic balloon pumping (IABP). CABG 
= coronary bypass grafting: cath = cardiac catheterization and left 
ventricular and. coronary angiography; IAPB = intraaortic balloon pump; 
MI = myocardial infarction. One patient is now doing well after surviving 
operation (repeated X2), catheterization, angiography and intraaortic 
balloon pumping, a second operation 8 months later (a new lesion in 
a previously unaffected coronary artery) and a third operation 3 years 
later (graft stenosis). 
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arterectomy of the left anterior descending artery and right 
coronary artery was performed when indicated. 


Results 


Patients satisfying criteria for medically re- 
fractory unstable angina (Fig. 1): Eighty-two pa- 
tients fulfilled our criteria for medically refractory un- 
stable angina pectoris. Ín 11 patients, the intraaortic 
balloon pump could not be inserted. All of these patients 
underwent cardiac catheterization and coronary bypass 
grafting. There was one operative death. Another 11 
patients underwent counterpulsation without subse- 
quent cardiac surgery. In six of these patients, a myo- 
cardial infarction had occurred immediately before 
insertion of the intraaortic balloon pump, and the pa- 
tients were successfully weaned from counterpulsation 
without further angina. One patient had coronary spasm 
only, and one patient whose operation was delayed 
sustained an acute myocardial infarction 48 hours after 
cardiac catheterization. One patient had minimal cor- 
onary disease, and two had normal coronary arteries. 

The remaining 60 patients who underwent coun- 
terpulsation, cardiac catheterization and cardiac 
surgery ranged in age from 32 to 76 years (mean 52). 
There were 44 men and 16 women. Fifty percent of the 
patients had multiple risk factors for premature coro- 
nary artery disease; heavy cigarette smoking was the 
most commonly encountered single risk factor (73 
percent). 

Results of medical management (Table I): All 60 
patients were treated with strict bed rest within the 
medical intensive care unit. The amount of time spent- 
by patients in our unit before insertion of the balloon 
pump was 4.5 + 3.5 days (mean + standard deviation) 
but ranged from 1 to 21 days. Maximal medical therapy 
included administration of nitrates, morphine and 
propranolol in all patients without contraindications. 
Some patients received no propranolol because of the 
presence of congestive heart failure, hypotension or- 
bradycardia. In those receiving propranolol, the mean 
dose was 144 mg/day, but individual dosage ranged 
widely, from 2 mg (given intravenously) to 800 mg/day. 


TABLE | 


Medical Management of 60 Patients With Medically 
Refractory Unstable Angina 





. Patients —— 
no. 96 


15 





Patients not receiving propranolol ino.) 9 
Contraindications 
CHF 4 
MR 2 
Asthma 1 
Severe diabetes 1 
None 1 


Patients treated with propranoiol 51 85 
Dose (mg/day) 
Mean + SD 144 + 153 
Range 2 — 800 
Minimal heart rate 56 8 
(beats/min) 








- 'The mean minimal heart rate achieved in these patients 
_ was 56 + 8 beats/min, and all patients achieved a heart 
- rate of well under 70 beats/min. 
~ Effect of counterpulsation: The effect of counter- 
pulsation on recurrent myocardial ischemia was dra- 
- matic in most cases. Ninety-five percent of patients had 
complete or partial relief of chest pain, and only three 
- patients had no change in symptoms. In the latter pa- 
_ tients, operation was performed promptly. 
—. Angiographic findings (Table II): After insertion 
«of the intraaortic balloon pump the 60 patients under- 
went cardiac catheterization and angiography, usually 
within 12 hours. The number of patients with one, two 
and three vessel disease was approximately equal; 
< however, 58 of the 60 patients (97 percent) had signifi- 
cant atherosclerosis of the vessels supplying the anterior 
* feft ventricular wall, and 80 percent had left ventricular 
wall motion abnormalities. 

Antecedent myocardial infarction: Twenty-two 
^patients (37 percent) had electrocardiographic evidence 
of an old myocardial infarction, and 22 had a new 
myocardial infarction as evidenced by the electrocar- 
diogram, serum enzyme changes or gross findings at 
- operation. Of these, 7 patients (12 percent) had evidence 
of both old and new infarction. Twenty-three patients 
(88 percent) had neither old nor new infarction. In the 
patients with acute myocardial injury the interval be- 
tween the acute infarction, which was the immediate 
cause of hospitalization in many cases, and the insertion 
of the balloon was 8.5 + 6 days (range 2 to 21 days). 

Clinical-anatomic correlations (Table IIT): The 
patients manifested three clinical-anatomic patterns. 
Nineteen patients had ischemia in the area of one crit- 
ically stenosed vessel, 19 had advanced multivessel 
disease and the remaining 22 had an acute myocardial 
injury. Among the latter group, there were two clear 


TABLE ii 


Angiographic Findings in 60 Patients With Medically 
Refractory Unstable Angina 








Patients 
no. 96 
Coronary artery disease 
Vessels affected 
RCA 30 50 
LCx 28 47 
LAD 52 96 
Main left 6 
no. of vessels 
affected* 
One 19 (LAD 32 
in 17) 
Two 22 36 
Three 19 32 
LV wall motion 
abnormality 
None 12 20 
Ant wall 30 50 
inf wall 5 8 
Ant and inf wall 13 22 





* Left main coronary artery counted as two vessel disease. 
Ant = anterior; inf = inferior; LAD = left anterior descending coro- 
artery; LCx = left circumflex coronary artery; LV = left ventricular; 
RGA = right coronary artery. 


* 


May 1979 The American Journal of CARDIOLOGY Volume 43 879. 


COUNTERPULSATION AND UNSTABLE ANGINA—WEINTRAUB ET AL. 


patterns. The majority, 17, had small repetitive in- 
farctions in the area of one vessel, whereas 5 had had 
acute completed infarction in the area of one vessel with 
new threatened ischemia in the area of a second vessel. 
The majority of the 60 patients had at least one vessel 
with a high degree of stenosis, delayed progression of 
contrast material down the involved vessel and a lack 
of collateral circulation to the area in jeopardy. 

Operations performed: Twenty-three patients (38 
percent) had a single coronary bypass graft, 22 (37 
percent) had two grafts and 15 (25 percent) had three 
or four grafts. Four patients (6 percent) hàd concomi- 
tant mitral valve replacement, one of whom also had a 
simultaneous carotid endarterectomy. 

Complications of intraaortic balloon pump 
(Table IV): Five patients (60 percent) of the entire 
group of 82 patients who underwent attempted in- 
traaortic balloon pump insertions for medically re- 
fractory preinfarction angina had serious complications 
consisting of dissection, deep sepsis involving the side 
arm Dacron? graft or, in one case, myocardial infarction 
that occurred while the patient was awaiting operation. 
Another five patients (6 percent) had lesser but still 
significant complications of local embolus, thrombus 
or superficial sepsis. In another 11 patients (13 percent) 
the intraaortic balloon pump could not be inserted. 

Morbidity and mortality of coronary bypass op- 
eration (Table V): Among the 60 patients undergoing 
both counterpulsation and cardiac operation, 3 (5 per- 
cent) had an asymptomatic intraoperative myocardial 
infarction, as indicated by a review of pre- and postop- 
erative electrocardiograms. In another seven patients 
(12 percent) the results of surgery were unsatisfactory: 
One patient died intraoperatively, one died suddenly 
7 months after operation, three had known demon- 
strated late myocardial infarction and two had con- 
comitant myocardial infarction and angiographically 
demonstrated graft closure within 14 days of operation. 
Because early graft closure is likely to result in symp- 
tomatic infarction in patients with unstable angina, we 
now recommend that all such patients have emergency 
graft angiography if ischemic pain recurs in the imme- 
diate postoperative period. 

Long-term clinical results: The patients were fol- 
lowed up for 3 to 63 months (mean 31 + 16 months), in _ 
most cases personally and, when this was not possible, | 
by questionnaire to the referring physician. Two pa- 


TABLE li 


Anatomic Patterns in 60 Patients With Medicaily Refractory 
Unstable Angina 








. Patients 
Type Pattern no. Ye 
l One vessel ischemia 19 32 
H Multivessel advanced disease 19 32 
HA Smali repetitive infarcts in area 7 28 
of one vessel 
HB Completed acute infarction, with 5 8 


ischemia in new area 
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TABLE IV 


Complications in Total Group of 82 Patients Undergoing 
Attempted Intraaortic Balloon Pump Insertions for Medically 
Refractory Unstabie Angina 








incidence 
no. Rate (%) 
Serious IABP complications i 
Dissection 1 
Deep sepsis* 3 
Ml on IABP 1 
Total 5 6 
Other [ABP complications 
Local embolus or thrombus 3 
Superficial sepsis 2 
Total 5 6 
inability to insert [ABP 11 13 





* infections requiring excision of sidearm Dacron graft or bypass 
outside normal course of the native vessel. 
IABP = intraaortic balloon pump; MI = myocardial infarction. 


tients were lost to long-term follow-up, one patient died 
in the operating room and one died late. Of the re- 
: “maining 56 patients, 43 (77 percent) required no further 
hospitalization; 30 of these (54 percent) were currently 
employed and another 13 (23 percent) were thought to 
be employable. 

Patients were also assessed as to New York Heart 
Association functional ciassification.!! Fifty-two (93 
percent) of the 56 patients in the follow-up group are in 
~ functional class I or H, although one of these has re- 
quired two reoperations (Fig. 1). Four patients (7 per- 
cent) are in class HI and none are in class IV (Fig. 2). 
Three patients with documented graft closure and in- 
farction have remained in class II. 


Discussion 


Definition of unstable angina: The considerable 
variation in mortality rates among early reported 


Results of [ABP and Operation for 
Unstable Angina 
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FIGURE 2. Results of intraaortic baltoon pumping and operation for 
medically refractory unstable angina ir: 60 patients. NYHA class = New 
York Heart Association functional classification. 


TABLE V 


Unsatisfactory Outcomes in 60 Patients With Medically 
Refractory Unstable Angina Undergoing Coronary Bypass 
Surgery 





Patients 





Outcome no 926 
Intraoperative death 1 1.6 
Late 1 1.6 
Early (7—14 days) graft closure and infarction 2 3 
Late (26 months} infarction 3 5 
Total 7 12. 





studies of patients with unstable angina may have been 
due to a lack of anatomic data and a failure to achieve 
general agreement concerning the definition of this 
syndrome. The latter has resulted in a multiplicity of 
names for unstable anginal syndromes: unstable angina, 
preinfarction angina, intermediate syndrome and cre- 
scendo angina. In a well documented long-term fol- 
low-up study of patients with preinfarction angina, 
Gazes et al.!? described a group of “high risk" patients 
with angina decubitus, transient electrocardiographic 
changes and unresponsiveness to medical management 
which at that time did not include drug treatment to 
provide beta adrenergic blockade. In that group, the 
immediate hospital mortality rate was 18 percent, the 
1 year mortality rate 43 percent and the 2 year mortality 
rate greater than 50 percent. Since that report, there has 
been a gradual agreement regarding the definition of 
unstable angina. Ín general, this definition matches that 
of their high risk subgroup. 

Medical versus surgical therapy: The choice of 
medical versus surgical therapy for unstable angina has 
received considerable attention from both the medical 
and the lay press. In a randomized study of 19 medical 
and 21 surgical patients, Selden et al.” found no differ- 
ences in infarction or mortality 4 months after initiation ' 
of treatment. However, the surgically treated patients _ 
had a significantly greater functional capacity. In a | 
national cooperative randomized unstable angina study, | 
Russell et al. found no differences in mortality between 
medically and surgicallv treated patients at 24 months 
mean follow-up. In a recent review, Hultgren! reported 
similar findings. Bertolasi et al., like Selden et al., found 
nó differences in mortality between medical and surgical 
groups followed to 4 months, but noted a strikingly 
decreased mortality in the surgical group when the 
comparison was carried out to 12 months. However, 
their randomized study can be criticized, because the 
maximal propranolol dosage in the medically treated 
patients was only 100 mg/day. 

À recent study of nonrandomized patients by Hult- 
gren et al.!? suggests that bias may enter into the deci- 
sion to randomize individual patients and that ran- 
domized studies to date may not contain a population 
group representative of all patients with unstable an- 
gina. Their report shows a considerable survival ad- 
vantage for patients treated surgically and suggests that, 
despite a more uniform definition, we may still be 
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dealing with an inhomogeneous population. It is obvious 
from the foregoing that a final judgment concerning the 
relative efficacy of surgical and medical treatment of 
unstable angina is premature at this time. For those 
-patients not responding favorably to beta adrenergic 
blockade, or in whom propranolol is contraindicated, 
. emergency coronary angiography and coronary revas- 
-cularization may properly be considered despite past 
- evidence that patients with acute ischemia do not tol- 
- erate cardiac surgery as well as those operated on elec- 
tively. 4-16 
Role of intraaortic balloon pumping: The greater 
operative mortality of myocardial revascularization in 
patients with preinfarction angina compared with pa- 
tients with chronic stable angina prompted Gold et al. 
and Weintraub et al? to use the intraaortic balloon 
pump in the former group. The physiologic rationale 
supporting the use of counterpulsation in preinfarction 
angina has been presented by several groups.*!9-?! 
Furthermore, a review of our own clinical material 
showed that a significant proportion of these patients 
were suffering from an acute myocardial infarction, 
which was not always suspected before operation. 
Similar findings have been confirmed with radionuclide 
imaging.? The reported higher mortality attending 
bypass operations on patients with recent acute myo- 
cardial injury?? has reinforced our tendency to use 
counterpulsation. Using balloon support, we were able 
to revascularize the myocardium of all patients having 
medically refractory unstable angina; the mortality rate 
was less than 2 percent, a rate similar to that of elective 
revascularization of patients with stable angina. Re- 
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duced operative mortality has also been reported by 
others.5.24.25 

Therapeutic implications: Our experience over the 
past 7 years with patients having unstable angina has 
led to certain conclusions and a consequent standard- 
ized approach. First, we believe that the institution of 
early and vigorous medical therapy rarely results in 
major infarction or death. We currently treat patients 
with unstable angina with admission to the coronary 
care unit and an aggressive use of both nitrates and beta 
adrenergic blockade with propranolol. For those pa- 
tients whose condition stabilizes with medical therapy, 
we recommend cardiac catheterization before discharge 
from the hospital because more than a third of such 
patients can be expected to be treated surgically in the 
ensuing months,® and because an unusually large pro- 
portion of such patients (12 to 15 percent) have left 
main coronary artery disease. The presence of the latter 
mandates fairly urgent coronary bypass surgery. 
Second, we find that there is a subgroup of patients who 
continue to have unstable angina despite thorough and 
aggressive medical management. A significant propor- 
tion of these patients may either have occult acute 
myocardial injury or angina consequent upon a recog- 
nized acute myocardial infarction. Our data suggest that. 
with modern anesthetic and surgical techniques and 
with use of the intraaortic balloon pump, such patients 
can be operated on with a mortality rate approaching 
that for chronic stable angina. Finally, the good clinical 
results in these patients with respect to survival, 
symptomatic relief and rehabilitation appear to be 
maintained for a significant period of time. 
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* 


Of 60 patients receiving intraaortic balloon counterpulsation for angina 
refractory to maximal medical therapy, a subgroup of 10 patients un- 
derwent left ventricular angiography both with and without counterpul- 
sation. Severe stenosis of the left anterior descending coronary artery 
was present in all 10 patients. Counterpulsation resulted in a significant 
decrease in systolic and end-diastolic left ventricular pressures and no 
increase in cardiac index. Left ventricular diastolic and systolic volume, 
ejection fraction and regional contraction patterns, often abnormal, were 
unchanged. However, mean normalized systolic ejection rate was im- 
proved by the addition of counterpulsation. 

it is concluded that intraaortic balloon counterpulsation has relatively 
little effect on the left ventricular volume of patients with medically re- 
fractory angina pectoris. The symptomatic improvement that takes place 
seems to occur mainly through the effect of counterpulsation on preload 
and afterload. 


Unstable angina pectoris is a common management problem for cardi- 
ologists. Although the short-term mortality rate is relatively low, there 
is a wide variation in reported long-term survival.-9 A number of 
studies??? have identified a high risk subgroup of patients character- 
ized by previously stable angina pectoris, ischemic electrocardiographic 
abnormalities accompanying chest discomfort, and persistent angina 
at rest despite maximal medical therapy. Because of the recognized 
danger of myocardial infarction or sudden death, these patients have 
undergone coronary angiography and coronary bypass graft surgery with? 
and without*9.19-13 intraaortic balloon counterpulsation. Although the 
reported results have been good, the role of counterpulsation in the 
management of unstable angina remains controversial. The present 
study was designed to examine the rationale for the use of the intraaortic 
balloon pump in patients with unstable angina pectoris that is refractory 
to maximal medical therapy. 


Material and Methods 
Study Patients (Table 1) 


Between October 1972 and January 1978, 60 patients with medically refractory 
unstable angina underwent a combination of intraaortic balloon pump coun- 
terpulsation, cardiac catheterization and coronary revascularization.!* Between 
September 1976 and September 1977, all such patients with medically refractory 
unstable angina in whom acute infarction had been excluded by enzymatic and 
electrocardiographic criteria were asked to have a second left ventriculogram 
as part of their cardiac catheterization. The 10 patients who acceded to this re- — 
quest form the basis of this report. E 

There were eight men and two women studied, ranging in age from 38 to 66 z 
years (mean 54). All of the patients had multiple risk factors for coronary artery _ 
disease including heavy smoking (six patients), hypertension (six patients), di- 
abetes mellitus (two patients), a positive family history of premature coronary 
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TABLE I 
Clinical Characteristics of Patients 
Lipid 
Case Age{yr) Hyper- Dia- Smoking Family ^ Abnor- 
no. & Sex tension betes History’ History! — mality 
1 66F * 0 0 0 + 
2 56M 0 + 15X40 + + 
3 42F + 0 0 + 0 
4 38M + + 15X25 + + 
5 53M + 0 3X30 0 0 
6 64M 0 0 2X50 0 0 
7 57M * 0 0 + 0 
8 48M 0 0 1x30 + + 
9 -- 52M + 0 0 0 0 
10 60M 9 0 3X30 * + 





*-Packs per day times years of cigarette smoking. 


. 1 Parent, sibling, or child with definite coronary disease before age 55. 


t Onset of angina pectoris in months before current episode. 








Relief of 
Onset of ECG Changes Angina by 
Angina? Prior MIS CHF With Pain IABP 
1 None 0 sT i leads I, aVL, Vj-Vg — None 
21 Ant-lat, + S-T leads V5-V, Partial 
5 mo 
2 None OQ 8-1 leads lil, aVF Total 
T į leads V,-V3 
13  Ant-sept, O S-Tileads i, aVL, V4 s Partial 
3 mo 
3 None QO Tfteads V,-Vg None 
2 None O Ty leads V,-Vs Partial 
2 None O §-T leads V,-V, Total 
3 inf, 48 mo 0 T} leads Vo-Vs Total 
26 Inf, 5 mo 0 $T | leads i, aVL, V4-Yẹ — Total 
9 None O  S-Tf leads H, Ill, aVF Total 





$ Site of myocardial infarction (MI), time of infarction in months before current episode. 
Ant-lat = anterolateral; Ant-sept = anteroseptal; CHF = congestive hear: failure; [ABP = intraaortic balloon pump; neg = negative; Inf = inferior; 


Inv = inversion: * = elevation; | = inversion. 


artery disease (six patients) and an abnormal serum lipid 
“pattern (six patients). In three patients angina began with an 
- acute infarction occurring 3 to 5 months before the study. Only 
one of the patients had X-ray or clinical evidence of congestive 
heart failure at the time of counterpulsation. In general, there 
was a rapid progression of symptoms. In six of the patients the 
current episode of angina began, or recurred after a long 
pain-free interval, within a3 week period before counterpul- 
sation. 

Transient electrocardiographic S-T and T wave changes 
with pain were required for entrance into the study and thus 
were present in all patients. Five patients had transient S-T 
segment elevation with pain. 


Coronary Anatomy (Table Il) 


In ali 10 patients the selective coronary arteriograms 
demonstrated obstructive lesions in multiple locations. All 
patients exhibited high grade stenosis (75 to 95 percent) of the 
proximal left anterior descending artery. The right coronary 

. artery was also the site of high grade stenosis in seven patients, 
and the left circumflex artery was involved in four. Two pa- 


tients had marked narrowing of the main left coronary ar- 
tery. 


Protocol 


Informed consent was obtained from all patients in the 
study group. They were admitted to the coronary care unit and 
placed on complete bed rest with continuous electrocardio- 
graphic monitoring. Twelve lead electrocardiograms were 
obtained while the patients were free of chest discomfort and 
also during attacks of angina-pectoris. Serum creatine kinase, 
creatine kinase-isoenzyme, serum glutamic oxaloacetic 
transaminase and lactic dehydrogenase levels were deter- 
mined, and 12 lead electrocardiograms were taken daily. Pa- 
tients with evidence of acute infarction by any of the afore- 
mentioned criteria were excluded from the study. 

Progressively increased dosages of propranolol were ad- 
ministered to each patient until relief of angina pectoris oc- 
curred or until a further increase was precluded by the de- 
velopment of bradycardia (heart rate less than 55 beats/min), 
hypotension (systolic blood pressure less than 105 mm Hg) 
or congestive heart failure. Nitrates were administered in the 














TABLE It 
Angiographic Findings 
Case 
no. LCA LAD LOX RCA LADD: LCXM 
1 0 TER 0 ++ 0 0 
2 0 T T $4444 0 0 
3 0 +444 0 + 0 T 
4 +444 Té T ++ 0 +++ 
5 +444 TER TE] 0 0 0 
6 0 +444 0 * 0 0 
7 0 TERR 0 +444 +444 0 
8 0 REB +++ +444 0 e 
9 0 TR 0 eB 0 0 
10 + LER 0 ++++ 0 9 








,. 0 = normal; + = slight irregularity of vessel wall; ++ = moderate involvement, not hemodynamicaily significant (<50 percent); +++ = marked 
involvement, hemodynamically significant (50 to 75 percent), ++++ = severe involvement (75 to « 160 percent); +4++44+4 = total obstrüc- 


tion. 


LAD = leit anterior descending coronary artery; LADD = left anterior descending coronary artery, diagonal branch; LCA = left coronary artery; > 


LOX = left circumflex coronary artery; LCXM = circumflex coronary artery, marginal branch; RCA = right coronary artery. 
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form of sublingual nitroglycerin, cutaneously applied nitro- 
~ glycerin ointment or sublingual isosorbide dinitrate, alone or 
5 in combination, until the systolic blood pressure was 105 mm 

< He or less. If the patient continued to have episodes of angina 

«pectoris accompanied by transient electrocardiographic S-F 
_ and T wave changes after 48 hours of maximal medical ther- 
^ apy, an intraaortic balloon (AVCO Medical Products, Everett, 
-— Massachusetts) was inserted with the use of local lidocaine 
|. anesthesia. 


4 d Hemodynamic and Angiographic Measurements 


Cardiac catheterization and angiography were performed 
within 24 hours of the institution of intraaortic balloon 
counterpulsation. Beta adrenergic blockade was maintained. 
Nitrate therapy was continued, although the dose was usually 
withheld if the systemic systolic pressure was less than 100 
mm Hg. Left radial arterial pressure was determined with a 
Statham P23db transducer through an inlying plastic cannula. 
All patients were given 5,000 units of aqueous heparin intra- 
venously. Right heart catheterization was performed from the 
right femoral vein using the percutaneous insertion sheath 
technique. A no. 7F thermodilution catheter was advanced 

-to the pulmonary artery and pulmonary capillary wedge po- 
sitions. Using a technique previously described from this 
laboratory,!? a ventricular angiographic catheter was ad-- 
vanced from the femoral artery to the left ventricle. Four 
thermodilution cardiac output determinations as well as 
pressure measurements were obtained from positions in the 
pulmonary artery, pulmonary arterial wedge, radial artery and 
left ventricle. Pressures were recorded on an Electronics for 
Medicine photographic direct writing transcriber. 

Counterpulsation was discontinued fer 15 minutes while 
the pressure measurements were monitored, after which the 
previously described pressure and flow measurements were 
repeated and values recorded. With the intraaortic balloon 
pump turned off, biplane left ventricular cineangiography was 
performed with 45 ml of sodium meglumine diatrizoate (Hy- 
paque R-M, 75 percent) injected at 12 mi/sec. The pressure 
and flow measurements were repeated immediately after the 
completion of the first angiogram. After satisfactory mea- 
surements had been obtained (between 2 and 3 minutes), 
counterpulsation was reinstituted and pressures were moni- 
tored for a total of 15 minutes. Without changing the position 
of the patient or the method of injection of the contrast me- 
dium, a second biplane left ventricular cineangiogram was 





taken during counterpulsation, pressures and flows were re- 
measured and selective coronary arteriography was per- 
formed. 

Measurements of ventricular volume and ejection fraction 
were made using the biplane area-length formula of Dodge et 
al.® The left ventricle was divided by a line from the juncture 
of the aortic and mitral valves to the apex. This line was di- 
vided into four equal segments by drawing three perpendic- 
ular axes. Systolic shortening of these chords was measured 
using standard techniques.!? Left ventricular stroke work 
index was determined using the planimetrically determined 
mean systolic left ventricular pressure, the end-diastolic left 
ventricular pressure and the average stroke index obtained 
from four thermodilution determinations of cardiac output 
and heart rate. 

Mean normalized circumferential fiber shortening was 
caleulated using techniques previously described.!? Mean 
normalized systolic ejection rate was calculated from the bi- 
plane cineangiogram using the technique of Peterson et 
al.! 

Data organization and paired sample analysis were per- 
formed using the PROPHET computer system of the Na- 
tional Institutes of Health. 


Results 


Hemodynamic Findings (Table IH) 


Discontinuation of counterpulsation resulted in in- 
creased left ventricular end-diastolic pressure and 
pulmonary arterial systolic and mean pressures without 
any significant change in heart rate or cardiac index. 
The cardiac output and left ventricular end-diastolic 
pressure increased after the initial left ventriculogram 
taken without counterpulsation (Fig. 1). Changes of the 
same magnitude occurred after the angiogram taken 
during counterpulsation. 


Left Ventricular Angiographic Findings (Table IV) 


A comparison of the angiograms taken with and 
without counterpulsation demonstrated no significant 
changes in left ventricular diastolic and systolic volumes 
or ejection fraction. In seven patients the determination 
of the average shortening of all left ventricular chords 
disclosed an increase during counterpulsation. However, 

















TABLE ill 
Effect of Counterpulsation on Hemodynamic Variables 
Case Systolic BP Systolic PA Mean PA Ct f _LVEDP 
no. Off On Off On On Off On Off On 
1 142 126 36 32 24 18 2.16 2.22 24 20 
2 117 115 42 32 28 16 2.68 2.31 15 10 
3 130 125 36 30 28 26 3.02 2.91 28 28 
4 135 125 40 30 30 24 3.38 3.07 18 18 
5 140 115 22 18 17 12 2.10 2.21 19 9 
6 189 160 18 23 13 14 2.76 3.06 17 13 
7 145 130 24 24 15 15 2.04 2.32 9 8 
8 135 130 22 22 19 15 2.71 2.82 25 22 
9 125 125 25 23 16 12 2.43 2.24 14 10 
10 120 105 26 24 18 17 2.58 2.66 10 10 
Mean 137 126 29.2 25.8 20.8 16.9 2.59 2.58 17.8 14:8 
P 0.003 0.042 0.009 NS 6.012 











Off and on refer, respectively, to without and with counterpulsation. 
BP = systemic blood pressure (mm Hg); Cl = cardiac index (liters/min per m?); LVEDP = left ventricular end-diastolic pressure (mm Hg): NS 
= not significant; P = probability; PA = pulmonary arterial pressure (mm Hg). 
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a marked decrease was observed in two patients, and for 
the entire group of patients mean chordal shortening 
was not significantly changed by the addition of in- 
traaortic balloon pumping. Although this result may 
have been due to two different types of responses to 
: counterpulsation, the number of subjects in the treated 
group was too small to permit one to make a valid 
judgment. 

Measurements of circumferential fiber shortening 
and normalized systolic ejection rates were used as an 
indirect assessment of the contractile state of the 
myocardium and the effect of counterpulsation on left 
ventricular contractility. Although circumferential fiber 
shortening was abnormally low in the control state, and 
increased to the lower limits of normal with the addition 
of counterpulsation, this effect was not statistically 
significant. There was an increase in the mean nor- 
malized systolic ejection rate with counterpulsation 
(Fig. 1). 
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FIGURE 1. Hemodynamic effects of counterpul- 
sation. Individual values are plotted with closed 
circles and the mear values are represented by 
open circles. The decrease in preload and after- 
foad and the improvement in mean normalized 
systolic ejection rates are statistically significant. 
BP = blood pressure; LVEDP = left ventricular 
end-diastolic pressure; MNSER = mean normal- 
ized systolic ejection rate. 


Discussion 

The reported variability in the morbidity and mor- 
tality of patients with unstable angina pectoris may be 
caused by the wide spectrum of population groups re- 
ported. 'The present study was performed on patients 
fulfilling the most rigid of clinical criteria, that is, (1) 
chest pain accompanied by transient electrocardio- 
graphic changes, (2) angina pectoris persisting despite 
“maximal” therapy with beta adrenergic blockade and 
nitrates, and (3) continuation of episodic angina pectoris 
after 48 hours of hospitalization in an intensive care 
setting. 

Because of the fear that unstable angina might rep- 
resent a “preinfarction state,” there have been a number 
of clinical trials involving both medical?" and surgical 
intervention. Results of early studies showing a marked 
decrease in mortality with the use of anticoagula- 
tion®!-23 were not eonfirmed by subsequent trials,” and 
the data suffer from a lack of precise definition as well 











TABLE IV 
Effect of Counterpulsation on Angiographic Variables 
Diastolic Volume Systolic Volume Ejection Average Chordai 
Case index (mi/m?) Index (m/m?) Fraction Shortening Vor MNSER 
no. Off On Of On Oft On Off On Off On Off On 
1 69 65 38 41 0.45 0.37 0.2767 0.1967 ' 0.84 0.67 1.33 1.15 
2 212 178 140 123 0.34 0.31 0.1433 0.1700 2.29 0:53 t.21 1.19 
3 57 63 16 18 0.71 0.71 0.4200 0.4700 1.18 0.95 2.38 2.55 
4 61 67 21 17 0.66 0.75 0.3650 0.4400 1.41 2.04 2.20 2.88 
5 109 95 62 39 0.44 0.59 0.2733 0.2433 5.78 0.99 t35 1.96 
6 129 137 43 48 0.67 0.65 0.3550 0.3517 1.46 1.53 2.08 2.32 
7 76 82 28 22 0.63 0.74 0.4133 0.4300 9.81 1.51 1.96 2.55 
8 124 119 63 64 0.50 0.47 0.2300 0.1717 0.80 0.29 1.85 1.55 
9 88 94 37 36 0.59 0.61 0.2883 0.3167 0.87 1.11 1.83 2.19 
10 77 93 29 28 0.63 0.70 0.3267 0.4300 9.87 1.49 1.96 2.90 
Mean 100.2 99.3 47.7 43.6 0.562 0.590 9.3030 9.3220 0.932 1.151 1.79 2.12 
P NS NS NS NS NS 0.0155 





Off and on refer, respectively, to without and with counterpulsation. 





MNSER = mean normalized systolic ejection rate (end-diastolic volume/seci; NS = not significant; P = probability; Voe = circumferential fiber. 


shortening (circumferences/second). 
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as an absence of anatomic findings obtained from cor- 
| onary angiography. The importance of the latter is 
emphasized by the presence of normal coronary anat- 
omy in approximately 10 to 20 percent of patients with 
; unstable angina pectoris.? 
- More recently, interest has focused on agents that 
.may lower myocardial oxygen requirements by de- 
creasing preload, afterload and ventricular volume and 
‘contractility.2>-2” Although good symptomatic control 
may be achieved in approximately 75 percent of patients 
with unstable angina by using pharmacologic agents, 
those patients whose angina is refractory to maximal 
medical therapy are difficult to manage and may have 
high morbidity and mortality rates. 


Reported Results of Counterpulsation Therapy 


The use of counterpulsation has resulted in complete 
cessation of episodic coronary ischemia in 80 percent of 
these patients and in a marked diminution of symptoms 
in another 15 percent.??8 Although this symptomatic 
improvement has been presumed to be the result of both 
decreased myocardial oxygen consumption and in- 
creased coronary blood flow, studies in animals?? and 
man”? have produced variable results. Furthermore, 
these studies were performed in subjects during car- 
diogenic shock. Steele et al.?! and Nichols et al.3? found 
that counterpulsation resulted in an increased ejection 
fraction, whereas Kerber et al.?? noted no improvement 
in motion and perfusion of ischemic myocardium during 
balloon pumping. Some of these conflicting results may 
be explained by a difference between the clinical and 
experimental situations. The normal coronary anatomic 
features of man and dog differ considerably. In addition, 
the experimental dog model usually has a single acute 
stenosis whereas man usually has multiple stenoses that 
have developed gradually. Nevertheless, reduction in 
ischemia and infarct size with the use of counterpulsa- 
tion®4 and potentiation of myocardial oxygen conser- 
vation by the addition of propranolol?? have been doc- 
umented in animal studies and provide further support 
for the use of counterpulsation in the management of 
patients with refractory angina. 


Effect of Counterpulsation on Ventricular Volume and 
Ejection Fraction 


In our study the improvement in cardiac function 
associated with the intraaortic balloon pump, as mea- 
sured by an unchanged cardiac index with a decreased 
left ventricular end-diastolic pressure, was expected to 
result in a smaller ventricular volume and an increased 
ejection fraction. Our angiographic volume determi- 
nations failed to disclose such a change, a finding that 


is in disagreement with radionuclide studies in man. In 
these studies Steele et al.?! and Nichols et al.?? found 
a decrease in ventricular volume and an increase in 
ejection fraction during counterpulsation. The differ- 
ence between these and our findings might be due to 
continued myocardial beta adrenergic blockade in our 
patients. Another possible explanation for the absence 
of significant angiographic volume changes during 
counterpulsation is the order in which the angiograms 
were taken. To avoid bias, the counterpulsation ven- 
triculogram was taken second. Although the time period 
between the two examinations was chosen to be suffi- 
ciently long to allow for recovery from the known 
transitory myocardial effect of roentgenographic con- 
trast agents,?6?? this depressant effect may last con- 
siderably longer in an abnormally functioning myo- 
cardium. Experimental data with respect to this ques- 
tion do not exist at this time. It is possible, also, that the 
techniques utilized in this study are not sufficiently 
sensitive to identify the changes. 


Effect on Myocardial Contractility 


We examined three indexes of contractility. Both the 
ejection fraction and circumferential fiber shortening 
were unchanged by counterpulsation, but these vari- 
ables may be invalid as a measure of contractility in the 
presence of localized disorders of myocardial contrac- 
tion.3839 Mean normalized systolic ejection rate is less 
affected by regional contraction abnormalities and more 
representative of left ventricular contractility,!? al- 
though it is sensitive to acute changes in preload and 
afterload.*? Mean normalized systolic ejection rate was 
significantly increased during counterpulsation. 


Clinical implications 


The use of counterpulsation in patients with unstable 
angina undergoing revascularization has been associated 
with a survival rate approaching that of operations for 
chronic stable angina.??4^! In 10 patients studied with 
cardiac catheterization and left ventriculography, de- 
creases in preload and afterload were documented. Al- 
though left ventricular contractility appeared to be 
improved with use of the balloon, ventricular volumes 
and ejection fraction were not significantly altered. We 
conclude that the favorable effects of counterpulsation 
in this group of patients are largely due to the reduction 
in preload and afterload. 
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Technetium-99m stannous pyrophosphate myocardial scintigrams were 
obtained in 138 clinically stable patients 32.7 + 47.3 weeks (range 6 to 
260) after acute myocardial infarction. Of the 138 patients, 74 (54 percent) 
had a persistently positive scintigram. Patients with such a scintigram 
were more likely to have severe angina pectoris, compensated congestive 
heart failure, anterior location of acute myocardial infarction, Q waves 
and S-T segment elevation in the electrocardiograms, cardiomegaly, left 
ventricular dyssynergy (dyskinesia or global dyssynergy), and an ejection 
fraction of less than 50 percent. During a follow-up period of 11.6 + 6.9 
months after scintigraphy, 42 percent of the patients with a persistently 
positive scintigram had either a cardiac death, a nonfatal myocardial 
infarction, unstable angina pectoris or decompensated congestive heart 
failure compared with 13 percent of the patients with à negative scintigram 
(P «0.001). Of the 14 patients with cardiac death, 13 (93 percent) had 
a persistently positive scintigram. A persistently positive scintigram not 
only was the best single predictor of cardiac death and combined end 
points, but also added significantly to the predictive ability of the other 
clinical variables, including age, location of acute myocardial infarct, 
clinical status, electrocardiographic findings, and chest X-ray findings. 
it is concluded that technetium-99m stannous pyrophosphate myocardial 
scintigraphy has prognostic value in patients after acute myocardial in- 
farction. 


Current clinical applications of technetium-99m pyrophosphate myo- 
cardial scintigraphy include diagnosis, localization and sizing of acute 
myocardial infarcts.!-1? Recent studies!9-!? indicate that technetium- 
99m pyrophosphate myocardial scintigraphy may also have prognostic 


value in patients with coronary artery disease. Certain scintigraphic |. 
patterns during acute myocardial infarction or unstable angina pectoris .— 


have been correlated with an unfavorable prognosis.!6-!? In addition, 
patients with a persistently positive scintigram after acute myocardial 
infarction tend to be more symptomatic with severe angina pectoris and 
congestive heart failure.?9?! The present investigation was undertaken 
to assess whether technetium-99m pyrophosphate myocardial scintig- 
raphy would yield prognostic information in 138 patients with a previous 
myocardial infarction. 


Methods 


Selection of patients: Between November 1975 and September 1977, a total : | 


of 138 patients at the Long Beach Veterans Administration Hospital had an 
ambulatory outpatient follow-up technetium-99m pyrophosphate myocardial 
scintigram. The study population included 137 men and 1 woman aged 27 to 82 
years (mean + standard deviation 57.0 + 8.9 years). The criteria for inclusion 
in the study were: (1) a documented myocardial infarction 6 or more weeks before — 
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scintigraphy, (2) clinical stability, and (3) no evidence of active 
myocardial necrosis at the time of scintigraphy as determined 
by clinical history, electrocardiography and serum enzyme 
determinations (creatine kinase, glutamic oxaloacetic trans- 
aminase and lactic dehydrogenase). At scintigraphy, none of 
these patients had pericardial disease, valve calcification, 
neoplastic invasion of the myocardium or recent high energy 
cardioversion, all of which have been reported to cause positive 
seintigrams in the absence of acute myocardial in- 
farction.??-26 

The study population comprised two subgroups. Subgroup 
A included 102 patients who had a scintigram during the acute 
myocardial infarction and at follow-up ambulatory scintig- 
raphy 6 to 37 weeks (mean 18 + 9.2 weeks) after the infarction. 
Subgroup B included 36 patients who had only an ambulatory 
follow-up myocardial scintigram 6 to 260 weeks (mean 78 + 
67.1 weeks) after infarctior. Fer the total population, the mean 
time from myocardial infarction to follow-up scintigraphy was 
32.7 + 47.3 weeks. Informed consent was obtained from all 
patients participating in this study. 

Myocardial scintigraphy: Follow-up myocardial scin- 
tigraphy was performed in the same manner as for patients 
with acute myocardial infarction. All patients were injected 
with 20 mCi of technetium-99m stannous pyrophosphate 
containing less than 0.15 mg of tin. Chromatography, as pre- 
viously described, was performed before each study.?%27 In 
ali studies, free technetium was less than 1 percent, and re- 
duced hydrolyzed technetium was less than 5 percent. Two 
hours after injection of the radionuclide, myocardial imaging 
was performed in three views: anterior, 45? left anterior 
oblique and left lateral projections. Myocardial scintigrams 
were recorded using either a Searle Pho/Gamma HP scintil- 
lation camera with a Divcon collimator in the converging mode 
(68 patients) or a Searle Pho/Gamma V with a high resolution 
collimator (70 patients). Each view contained 500,000 counts 
with the Divcon collimator or 400,000 counts with the high 
resolution collimator with the 20 percent window and the 
photo peak centered on 140 kev. Serial studies on individual 
patients were performed with the same camera and colli- 
mator. 

The myocardial scintigrams were interpreted using our 
grading system for the intensity of myocardial activity, which 
was graded from 0 to 3+. Zero activity indicated no activity 
in the area of the left ventricie. An intensity of 1+ was assigned 
for activity less than that of the ribs, 2-- for activity equal to 
or greater than rib activity and 3+ for activity equal to or 
greater than sternal activity. À scintigram of 2-- or greater 
activity was considered positive. 

Myocardial scintigrams were also graded according to the 
distribution of activity. Regional uptake was considered when 
activity could be localized to an anatomic wall of the left 
ventricle. Diffuse uptake was assigned when anatomic location 
was indeterminant. Delayed imaging 4 hours after injection 
was performed in all patients with suspected persistent blood 
pool activity, as determined by persistent radioactivity in the 
right heart chambers at 2 hours of imaging. Myocardial scin- 
tigrams were interpreted by two independent observers 
without knowledge of the patient's diagnosis or clinical status. 
If there was any disagreement, the lower score was assigned. 
"There was complete agreement between the two observers on 
92 percent of the myocardial scintigrams interpreted. 

Át follow-up scintigraphy, a cardiologist who had no 
knowledge of the results of the myocardial scintigrams eval- 
uated all patients and assigned them a clinical classification 
according to the functional criteria of the New York Heart 
Association.” Each patient also had a posteroanterior and 
lateral chest roentgenogram. 


890 May 1979 The American Journal of CARDIOLOGY Volume 43 


Follow-up procedures and evaluation: After follow-up 
scintigraphy, the patients were followed up in our cardiology 
clinic for 11.6 + 6.9 months (range 1 to 24). During the fol- 
low-up period, 30:of the 138 patients (22 percent) underwent 
complete right and left heart catheterization and coronary 
angiography because of angina pectoris. Significant coronary 
stenosis was defined as 75 percent or greater lurninal diameter 
narrowing of a coronary arterv. Left ventricular angiograms 
were performed in the 30? right anterior oblique projection. 
Left ventricular end-systolic and end-diastolic volumes were 
calculated according te the method of Dodge et al.,?® and a left 
ventricular ejection fraction was ealculated. for each pa- 
tient. 

Additionally, types of localized left ventricular segmental 
contraction abnormaüties (dyssynergy) were assessed. Hy- 
pokinesia was defined as decreased systolic wall motion, aki- 
nesia as absence of systolic wall motion, dyskinesia as para- 
doxical outward systolic expansion (ventricular aneurysm) 
and global dyssynergy as severe diffuse impairment of systolic 
contraction involving both the anterior and inferior walls of 
the left ventricle. In addition to their initial ambulatory out- 
patient myocardial scintigram, 17 of the 138 patients (13 
percent) had a repeat scintigram during the follow-up pe- 
riod. 

Follow-up end points included cardiac death, nonfatal 
myocardial infarction. hospitalization for unstable angina 
pectoris, or decompensated congestive heart failure. Cardiac 
death was further classified as sudden death (death within 6 
hours after the onset of symptoms without evidence of myo- 
cardial infarction), death from recurrent myocardial infarction 
with pump failure and death from intractable congestive heart 
failure. Follow-up data of cardiac deaths were obtained by 
telephone interviews with the patients’ relatives, review of 
hospital records and results of autopsy examination. All 
sudden deaths were witnessed. The diagnosis of nonfatal 
myocardial infarction was based on all of the following: typical 
history, electrocardiographic changes and classic enzyme al- 
terations. The diagnosis of unstable angina pectoris required 
the occurrence of angina at rest, lasting no longer than 1 hour 
and associated with transient ST-T wave changes. Decom- 
pensated congestive heart failure was defined as heart failure 
at rest, confirmed by physical examination and roentgenology, 
and requiring hospitalization. 

Analysis of data: The data are presented as means +1 
standard deviation. Chi square, linear correlations and step- 
wise multiple regression analysis were utilized to evaluate the 
significance of the data.?? 


Results 


Scintigraphie findings at follow-up scintigraphy 
(Table I): Fifty-four percent of the 138 patients had a positive 
myocardial scintigram 6 to 260 weeks (mean 32.7 + 47.3) after 


TABLE | 


Characteristics of Follow-up Technetium-99m 
Pyrophosphate Myocardial Scintigrams 














Negative 
Patients Positive Scintigrams Scintigrams 

Subgroup (no.) Ra Ro Ds De D, 0 
A 102 2 24 2 25 27 22 
B 36 1 9 0 11 10 5 
Total 138 23 33 2 36 37 27 








“Dy Dz, Da = diffuse 1+, 2+ and 3+ activity, respectively; Ro, Ra = 
regional 2+ and 3+ activity, respectively; 0 = no activity. 


. 





FIGURE 1. Patient 7 (Table V). A persis- 
tently positive myocardial scintigram with 
a regional 2+ abnormality; obtained 35 
weeks after an acute subendocardial in- 
farction. Sixty-eight weeks after scintig- 
raphy the patient died suddenly. A = an- 
terior, L = left lateral and O = 45° left an- 
terior oblique projections. 


the acute myocardial infarction. There was no significant 
difference in the incidence of positive scintigrams between 
patients in subgroup A (52 percent) and subgroup B (58 per- 
cent). 

Table I indicates the characteristics of the technetium-99m 
pyrophosphate myocardial scintigrams obtained at follow-up 
scintigraphy. Of the 74 positive scintigrams, 36 (49 percent) 
had a regional distribution pattern, 38 (51 percent) had a 
diffuse distribution pattern and 5 (7 percent) had 3+ intensity 
of activity. Figure 1 shows a persistently positive scintigram 
with a regional pattern of abnormality and Figure 2 a persis- 


TABLE Il 
Clinical and Myocardial Scintigraphic Findings at Follow-up Scintigraphy 
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tently positive scintigram with a diffuse pattern of abnor- 
mality. 

Clinical and myocardial findings at follow-up scin- 
tigraphy (Table II): At follow-up scintigraphy, symptomatic 
patients were more likely than asymptomatic patients to have 
a positive myocardial scintigram. Seventy of the 110 symp- 
tomatic patients (64 percent) with either angina pectoris or 
compensated congestive heart failure had a positive scinti- 
gram compared with 4 of 28 asymptomatic patients (14 per- 
cent) (P «0.001). Thirty-four of the 48 patients (71 percent) 
with a prior anterior wall infarction had a positive scintigram 











All Patients Positive Scan Negative Scan 
(total — 138) (total — 74) (total — 64) 
Mean age (yr) 57.0+ 8.9 57.44 8:5 56.6i 8.9 
Weeks from AMI to follow-up scintigraphy 32.7 + 47.3 35.7 £ 50.1 30.1 + 45.6 
6 to 56 121 (8896) 64 (86%) 57 (8996) 
57 to 107 8 (6%) 5 (796) 3 (596) 
108 to 158 3 (296) 2 (396) 1(2%) 
159 to 209 4 (3%) 2 (396) 2 (296) 
210 to 260 2 (196) 1(1%) 1(2%) 
Site of AMI 
Anterior wall 48 (35%) 34 (4696)! 14 (22%) 
Inferior wall 54 (3996) 21(2896) 33 (5296) 
Posterior wall 6 (496) 3 (496) 3 (596) 
Lateral wall 1(196) 0 (096) 1(196) 
Subendocardial 29 (2196) 16 (2296) 13 (2096) 
History of multiple infarctions 48 (3596) 31 (4296) 17 (2796) 
Prior coronary bypass graft surgery 9 (796) 5 (796) 4 (696) 
Clinical status at follow-up scintigraphy 
Asymptomatic 28 (2096) 4 (596) 24 (3796) 
Symptomatic 110 (80%) 70 (95%)* 40 (6396) 
Angina functional class II 53 (3896) 30 (40%) 23 (3696) 
Angina functional class III 20 (1596) 14 (1996) 6 (996) 
Compensated CHF 16 (1296) 13 (1896) 3 (596) 
Compensated CHF and angina 21 (1596) 13 (1896) 8 (13%) 
ECG at follow-up scintigraphy 
Normal 4 (396) 2 (396) 2 (396) 
Q waves 103 (7596) 61 (82%) 42 (6696) 
LVH 11 (8%) 7 (996) 4 (696) 
LBBB 3 (296) 2 (396) 1(2%) 
Ischemic ST-T wave changes 23 (17%) 13 (18%) 10 (16%) 
Nonspecific ST-T wave changes 23 (17%) 10 (14%) 13 (20%) 
S- segment elevation 45 (33%) 35 (4796)* 10 (1696) 
Atrial fibrillation 1(196) 1(196) 0 (096) 
VPCs 8 (696) 3 (496) 5 (896) 
Cardiomegaly on chest X-ray examination 40 (2996) 28 (38% )t 12 (19%) 





t P <0.01 compared with inferior wall infarction. 
t P «0.02 compared with a negative scan. 
$ p «0.05 compared with a negative scan. 


ventricular hypertrophy; VPCs — ventricular premature complexes. 
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* Probability (P) «0.001 compared with asymptomatic patients or compared with a negative scan. 


AMI = acute myocardial infarction; CHF = congestive heart failure; ECG = electrocardiogram; LBBB = left bundle branch block; LVH - left 
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compared with 21 of 54 patients (39 percent) with a prior in- 
ferior wall infarction (P <0.01). Of the electrocardiographic 
features, only the presence of pathologic Q waves or S-T seg- 
ment elevation correlated significantly with persistent posi- 
tivity of the myocardial scintigram. Patients with cardio- 
megaly on chest X-ray examination were more likely than 
patients with a normal heart size to have a positive myocardial 
scintigram. 

Cardiac catheterization findings correlated with fol- 
low-up scintigraphy (Table IIT): Patients with severe left 
ventricular segmental contraction abnormalities (dyskinesia 
or global dyssynergy) and an ejection fraction of less than 50 
percent were more likely than patients without these abnor- 
malities to have a persistently positive myocardial scintigram 
(P «0.05). 

Late follow-up cardiac events after scintigraphy 
(Tables IV to VHI): During the follow-up period of 11.6 + 
6.9 months (range 1 to 24), 14 patients (10 percent) had a 
cardiac death, 13 patients (9 percent) had a nonfatal myo- 
cardial infarction and 12 other patients (9 percent) were 
hospitalized for unstable angina pectoris or decompensated 
congestive heart failure. Patients with a persistently positive 
scintigram had an increased incidence of cardiac death, non- 
fatal myocardial infarction, unstable angina pectoris and 
decompensated congestive heart failure. 

"Tables V and VI summarize the clinical features and scin- 
tigraphic findings of the 39 patients who had cardiac death, 
nonfatal myocardial infarction, unstable angina pectoris or 
decompensated congestive heart failure during the follow-up 
period. Figures 1 and 2 illustrate myocardial scintigrams from 
two of these patients. 

The patients’ symptom status at follow-up scintigraphy also 
was a significant predictor of the combined incidence of car- 
diac death, nonfatal myocardial infarction, unstable angina 
pectoris and decompensated congestive heart failure. Of the 
39 patients who had one of these cardiac end points, 36 (92 
percent) had angina pectoris or compensated congestive heart 
failure, or both, at follow-up scintigraphy; only 3 of 28 
asymptomatic patients (11 percent) had these findings (P 
<0.05). Furthermore, of the 40 symptomatic patients with a 


TABLE Il! 


Cardiac Catheterization Findings Correlated With 
Follow-up Scintigrams 








Positive 
Patients scan 
(no.) no. % 

All patients 30 18 60 
Coronary angiography 

1 vessel disease 2 0 . 6 

2 vessel disease 8 6 75 

3 vessel disease 20 12 66 
Left ventriculography 

Normal contraction 5 3 66 

Dyssynergy 25 15 60 

Hypokinesia 13 5 38 

Akinesia 2 1 50 

Dyskinesia 6 6 100 

Global dyssynergy 4 3 75 

Dyskinesia + global dyssynergy 10 9 90* 
Ejection fraction (96) 

250 16 6 38 

<50 14 12 &6* 

30-50 10 8 &0 

<30 4 4 100 





* Probability (P) «:0.05 compared with normal contraction, hypoki- 
nesia or akinesia or compared with an ejection fraction of more than 
50 percent. 


892 May 1979 The American Journal of CARDIOLOGY Volume 43 





negative scintigram, 7 (18 percent) had a cardiac event com- 
pared with 29 of 70 symptomatic patients (41 percent) with 
a positive scintigram (P «0.02). 

Positive scintigram as an independent predictor of prog- 
nosis: One important question raised by these data was 
whether a positive seintigram after acute myocardial infarc- 
tion had independent prognostic value. Indeed, was the 
scintigram any more useful than simply determining the pa- 
tient's age and symptom status and obtaining a chest X-ray 
film and an electrocardiogram? The independence of a pre- 
dictor variable can be interpreted in two ways: (1) a simple 
correlation (how its correlation with the criteria compares with 
the correlations of the other predictor variables with the cri- 
teria), and (2) its additive predictive ability (the amount of 
variance added by the predictor to the variance accounted for 
by the other predictor variables). 

Table VII shows the simple correlation of the clinical 
variables in Table I1 thought to be of possible prognostic value 
and the results of scintigraphy with the cardiac end points of 
cardiac death, nonfatal myocardial infarction, unstable angina 
pectoris and Gecompensated congestive heart failure. As an 
indicator of cardiac death, a positive scintigram was the best 
single predictor, followed by cardiomegaly on chest X-ray 
examination, left ventricular hypertrophy, compensated 
congestive heart failure and anterior wall myocardial infarc- 
tion. Inferior wall myocardial infarction was negatively cor- 
related with cardiac death. 

For nonfatal myocardial infarction, S- T-segment elevation 
in the electrocardiogram was the best single predictor, fol- 
lowed by anterior wall myocardial infarction. For unstable 
angina pectoris, the best single predictor was compensated 
congestive heart failure, followed by nonspecific ST-T wave 
changes. Cardiomegaly on chest X-ray examination was 
negatively correlated with unstable angina pectoris. For de- 
compensated congestive heart failure, cardiomegaly on chest 
X-ray examination was the best single predictor, followed by 
compensated congestive heart failure, left ventricular hy- 
pertrophy and posterior wall infarction. Angina pectoris and 
inferior wall myocardial infarction were negatively correlated 
with decompensated congestive heart failure. 

For all cardiac end points, a positive scintigram was the best 
single predictor, followed by anterior wall myocardial in- 
farction, cardiomegaly on chest X-ray examination, left ven- 
tricular hypertrophy, S-T segment elevation and compensated 
congestive heart failure. Inferior wall myocardial infarction 
was negatively correlated with all cardiac end points. 

Table VIII shows the additive predictive ability of the | 
scintigram over the 18 clinical variables in predicting cardiac | 
death, nonfatal myocardial infarction, unstable angina pec- | 
toris and decompensated congestive heart failure obtained 
by stepwise multiple regression analysis. In multiple regres- 
sion analysis, the amount of variance in the end point variables _ 
accounted for by the predictor variables is calculated by taking | 
100 times the multiple correlation coefficient (multiple R?). 
In Table VIH, column 2 shows the multiple R? using the 18 
clinical variables excluding the scintigram. Column 3 shows 
the multiple R? when the scintigram is added to these 18 
variables. Column 4 shows the change in multiple R? added 
by the scintigram, and column 5 indicates the F value and 
probability level of this change in multiple R?. 

For cardiac death, the 18 variables excluding the scintigram 
accounted for 16.6 percent of the variance associated with 
cardiac death. When the scintigram is added, 21.3 percent of 
the variance is accounted for, which means that an additional 
4.7 percent of the variance was contributed to by the scinti- 
gram, The F value for this additive variance was 7.01, which 
was significant at the P «0.01 level. Similarly, for all cardiac 
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. TABLE IV 





























_ Incidence of Subsequent Cardiac Events Correlated With Follow-up Scintigrams 
ES Negative 
Number of Positive Follow-up 
Patients Follow-up Scans 
(total — 138) Scans (total = 74) (total = 64) 
ds er no. 96 no. 96 no. $ 
- Cardiac death 14 10 13 tet 1 2 
- Nonfatal myocardial infarction 13 9 9 12 4 6 
~ Decompensated congestive heart failure 5 4 4 5 1 2 
Unstable angina pectoris 7 5 5 7 2 3 
All cardiac events 39 28 31 42* 8 13 


* Probability (P) «0.001. 
t P «0.01. 


end points, the scintigram contributed an additional 5.3 
percent of the variance, with an F value of 8.58 (P «0.005). 


: Thus, for cardiac death and all cardiac end points, the scin- 





tigram not only was the best single predictor, but also added 


te the predictive ability of the other variables, including age, 


clinical status, location of prior myocardial infarct, electro- 
cardiogram and chest X-ray findings. 

Coronary surgery and recurrent myocardial infarc- 
tion: During the follow-up period, five patients had coronary 
bypass surgery with no deaths or myocardial infarctions. Two 
of these patients had a persistently positive scintigram. Repeat 
scintigraphy after follow-up scintigraphy was performed in 
17 patients. Only 1 of the 13 patients with a positive follow-up 
scintigram had a negative repeat scintigram. This occurred 
after coronary bypass graft surgery (Fig. 3). All three patients 
with recurrent myocardial infarction had an increase in the 
area or intensity of the scintigraphie abnormality. 


TABLE V 


Autopsy data were available for four patients, all of whom 
had a prior persistently positive scintigram. One patient had 
a large ventricular aneurysm, and the other three patients had 
old ventricular scars. 


Discussion 


After an acute myocardial infarction patients at high 
risk for morbidity and mortality include those with 
advanced age and those who smoke cigarettes or have 
hypertension, cardiomegaly, congestive heart failure, 
electrocardiographic abnormalities in the resting 12 lead 
electrocardiogram, premature ventricular complexes 
in the resting electrocardiogram, complex or frequent 
premature ventricular complexes during Holter moni- 
toring or treadmill stress testing, an abnormal treadmill 
stress test, multivessel coronary artery disease or left 


Clinical Features of Patients With Cardiac Death and Scintigraphic Findings 























AMI = acute myocardial infarction; CHF = congestive heart failure; D; = diffuse 2+ activity; ECG = electrocardiogram; LVH = left ventricular 


Time of Time of Cardiac 
Follow-up Clinical Death After 
Scintigram Status at Follow-up 
Case Age Causeof AfterAMi Follow-up Chest X-ray Follow-up Scintigram 
no. (yn Death (wk) Scintigraphy ECG Film Scintigram (wk) 
1 64 SD 25 CHF and Old lateral MI, LVH Cardiomegaly Positive, D2 43 
angina 
2 §3 SD 6 Angina Old inferior MI, ischemic ST-T Normal Positive, De 47 
wave changes 
3 68 SD 16 CHF Old anterior and inferior MI, S-T Cardiomegaly Negative, 0 51 
segment elevation 
4 66 SD 108 Angina Old inferior Mi Normal Positive, Re 11 
5 51 SD 14 Angina Old anterior and inferior MI, Normal Positive, D; 23 
ischemic ST-T wave changes 
8 48 SD 84 Angina Old inferior MI, ischemic ST-T Normal Positive, Re 50 
wave cl 
7 65 SD 35 CHF LVH, ischemic ST-T wave changes Cardiomegaly Positive, Re 68 
8 63 AMI 7 Asymp- Old anterior and inferior MI Normat Positive, Dz 46 
tomatic 
9 56 AMI 6 Angina Old anterior MI, LVH, S-T segment Cardiomegaly Positive, Re 50 
í - elevation 
10 82 AMI 192 Angina Old anterior and inferior MI Cardiomegaly Positive, D; 61 
11 63 CHF 104 CHF and Old anterior MI, LVH Cardiomegaly Positive, Ro §8 
angina f 
12 43 CHF 6 HF Old anterior Mi, S-T segment Cardiomegaly Positive, Do 8 
elevation 
13 59 CHF 15 CHF and Old anterior Mi Cardiomegaly Positive, Rs 28 : 
angina ER 
14 46 CHF 26 CHF Ischemic ST-T wave changes Cardiomegaly Positive, Dp 320 





: hypertrophy: MI = myocardial infarction; Ra, Rg = regional 2+ and 3+ activity, respectively; SD = sudden death; 0 = no activity. 


May 1979 The American Journal of CARDIOLOGY Volume 43 





$93 . 





TABLE VI 


Clinical Features and Scintigraphic Findings of Patients With Nenfatal Myocardial Infarction, 


Decompensated Congestive Heart Failure 








Unstable Angina Pectoris or 














Time of Cardiac 
Time of Follow-up Clinical End Point After 
Scintigram Status at Follow-up 
Case Age Cardiac After AMI Follow-up Chest X-ray Follow-up Scintigram 
no. (vr) End Point (wk) Scintigram ECG Fim Scintigram (wk) 
15 52 AMI 8 Asymp- Old inferior Mi, ischemic ST-T — Norma Negative, D, 60 
tomatic wave chai 
i6 60 AMI 9 Angina Old anterior MI, S-T segment Normai Negative, 0 32 
elevation, VPC 
17 52 AMI 6 Angina Old anterior MI, S-T segment Normat Positive, Ro 2 
elevation, nonspecific ST-T E 
wave changes 
18 53 AMI 24 CHF and Old anterior MI, S-T Cardiomegaly Positive, D; 36 
angina segment elevation 
198 54 AMI 20 CHF Old inferior and posterior MI, Cardiomegaly Positive, D; 5 
S-T segment elevation 
20 50 AMI 8 Angina Old anterior Mi, S-T Normal Positive, Dz 16 
segment elevation 
21 51 AMI 7 Angina Old inferior MI Normal Negative, D, 5 
22 59 AMI 13 Angina Old inferior MI Normal Negative, 0 24 
23 56 AMI 8 Angina Old anterior Mi, S-T Cardiomegaly Positive, Rz 29 
segment elevation 
24. 58 AMI 6 Angina Nonspecific ST-T wave Normal Positive, Dz 12 
s 
25 74 AMI 19 Angina Old anterior and inferior MI, Normal Positive, Dz 58 
S-T segment elevation, VPC 
260 44 AMI 20 CHF and Old anterior MI, S-T Cardiomegaly . Positive, Rz 28 
angina segment elevation, LVH 
27 64 AMI 11 Angina Old anterior MI, S-T Normal Positive, Dz 25 
segment elevation: 
28 55 UAP 22 Angina Old inferior MI Normal Negative, 0 48 
23 57 UAP 6 Asymp- Old inferior and posterior MI, Normal Positive, D; 20 
tomatic nonspecific ST-T wave 
changes 
36 52 UAP 21 Angina Nonspecific ST-T wave Normal Negative, 0 22 
31 50 UAP §2 CHF and Old anterior Mi, S-T segment Normal Positive, Ro 16 
angina élevation 
32 53 UAP 15 Angina ara uad MI, S-T segment Normal Positive, Ro 10 
vation 
33 55 UAP 8 Angina Old inferior MI, S-T segment Normal Positive, Ro 12 
elevation 
34 56 UAP 32 Angina Nonspecific ST-T wave Normal Positive, Ro 6 
changes 
35 61 DCHF 13 Angina Old inferior and posterior MI, Cardiomegaly Positive, Ro 17 
ischemic ST-T wave 
changes 
36 51 DCHF 8 CHF Old anterior Mi, S-T Cardiomegaly — Positive, Re 12 
segment elevation 
37 76 DCHF B CHF Old anterior MI, S-T Cardiomegaly Positive, Ft; 21 
segment elevation, LVH 
38 53 DCHF 27 CHF Old anterior and inferior MI, Cardiomegaly Positive, D; 47 
S-T segment elevation, LVH 
39 61 DCHF 7 CHF Old anterior MI Cardiemegaly Negative, D, 70 





AMI = acute myocardial infarction; CHF = congestive heart failure; Dy, 


D2 = diffuse 1+ and 2+ activity, respectively; 


DCHF = decompensated 


congestive heart failure; ECG = electrocardiogram; LVH = left ventricular hypertrophy; MI = myocarcial iniarction; Rz = regional 2+ activity; UAP 
= unstable angina pectoris; 0 = no activity; VPCs = ventricular premature complexes. s 


ventricular dysfunction.*!~° The data from our study 
— indicate that patients with a persistently positive 
-. technetium-99m pyrophosphate myocardial scintigram 
-6 to 260 weeks after acute myocardial infarction also 
have an increased risk of cardiac morbidity and mor- 
tality. Forty-two percent of patients with a persistently 
positive scintigram had either a cardiac death or non- 
fatal myocardial infarction or were hospitalized for 
unstable angina pectoris or decompensated congestive 
heart failure during a follow-up period of 11.6 + 6.9 
months after scintigraphy. Of 14 patients who had a 
cardiac death during the following period, 13 (93 per- 
cent) had a persistently positive scintigram. 
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Furthermore, our data indicate that many patients 
(54 percent in this study! will continue to have a positive 
scintigram after acute myocardial infarction. This high 
incidence rate of persistently positive scintigrams was _ 
probably due to our patient selection. Patients with | 
severe angina pectoris, compensated congestive heart 
failure, anterior location of acute myocardial infarction, 
Q waves or S-T segment elevation in the electrocardi- 
ogram, cardiomegaly on chest X-ray examination, an 
abnormal left ventricular ejection fraction, or severe 
abnormalities of segmental contraction (dyskinesia or 
global dyssynergy) were more likely to have a positive 
scintigram. Other investigators’?! have reported inci- 
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- TABLE Vil 
Linear Correlation of Clinical Variables and Scintigram With Cardiac Death, Nonfatal Myocardial Infarction, Unstable Angina 
Pectoris, Decompensated Congestive Heart Failure and All Cardiac End Points 

























Cardiac AH 
: Variable Death MI UAP DCHF End Points 
Age : 0.086 —0.042 —0.084 0.081 0.023 
History of MI 0.057 —0.027 —0.030 0.021 0.015 
Site of infarct , 
Anterior wall 0.158* 0.1818 —0.030 —0.017, 0.2511 
inferior wall —0.1718 —0.106 —0.050 —0.155! —0.2721 
"Posterior wall —0.072 0.053 0.113 0.149! 0.103 
Subendocardial 0.062 —0.105 0.043 —0.005 —0.008 
Prior bypass grafting 0.008 0.015 0.073 —0.051 0.030 
Angina —0.078 0.114 0:087 —0.2001 —0.020 
Compensated CHF 0.1765 —0.027 0.1655 0.233! 0.1658 
Positive scintigram 0.264 0.101 0.083 0.103 0.326* 
Electrocardiogram 
Q wave 0.014 0.118 —0.029 0.107 0.116 
LVH 0.256! —0.003 —0.068 0.2297 0.231! 
LBBB —0.050 —0.048 —0.034 —0.028 —0.094 
ischemic ST-T wave changes 0.107 —0.011 —0.103, 0.017 0.022 
Nonspecific ST-T wave changes —0.086 —0.011 0.162! —0.087 —0.022 
&-T segment elevation —0.029 0.252* 0.051 0.113 0.218% 
Atrial fibrillation —0.029 —0.028 —0.020 —0.017 —0.054 
| VPCs —0.083 0.132 —0.057, 0.118 0.051 
-. Cardiomegaly on chest X-ray film 0.261! 0.013 —0.148* 0.303* 0.238 









* Probability (P) «0.001. 

* P «0.005. 

ł P <0.01. 

$ P «0.025. 

| P «0.05. 

CHF = congestive heart failure; 
pertrophy; MI = myocardial infarction; UAP 



































dence rates of persistently positive scintigrams after 
acute myocardial infarction ranging from 9 to 41 per- 
cent. The type of patient selection will determine the 
incidence of persistently positive scintigrams after acute 
myocardial infarction. 

Prognostic value of a positive scintigram: 'The 
- analysis of data from this study, utilizing simple cor- 
-relation coefficients and multiple regression analysis, 
indicate that a persistently positive scintigram not only 
was the best single predictor of cardiac death and 
combined cardiac end points, cardiac death, nonfatal 
myocardial infarction, unstable angina pectoris and 


course in patients with a persistently positive scinti- 
gram. 

Our data do not negate the importance of other 
| known noninvasive predictors of morbidity and mor- 
tality after acute myocardial infarction. Cardiomegaly 
| on chest X-ray examination, anterior or posterior lo- 
«cation of acute myocardial infarction, compensated 
congestive heart failure and electrocardiographic 


DCHF = decompensated congestive heart failure; LBBB = left bundle branch block; LVH = left ventricular hy- 
= unstable angina pectoris; VPCs = ventricular premature complexes. 


findings of left ventricular hypertrophy, S-T segment 
elevation or nonspecific ST-T wave changes also cor- 
related with the cardiac end points of our study. Fur- 
thermore, in 58 percent of the patients with positive 
scintigrams a cardiac end point did not occur; thus, 
caution must be used in assessing the prognostic value 
of the scintigram in each individual patient. 


TABLE VIH 


Additive Predictive Ability of the Scintigram to the 18 
Clinical Variables" Obtained by Stepwise Multiple 








‘decompensated congestive heart failure during the Regression Analysis un" 
follow-up period, but also added significantly to the TUBE V v6 

` predictive ability of the other clinical variables, in- Clinical ^ gram 

‘cluding age, location of prior myocardial infarction, — ates Malis " 
clinical status, electrocardiographic findings and chest : ; ultiple — Multiple 
X-ray findings. These analyses satisfied our criteria for Cardiac a Pom A a i. Change: Valie 
demonstrating that a persistently positive myocardial Cardiac death _ 0.166 0.213 0.047 7.01! 
scintigram after acute myocardial infarction has inde- d myocardial 0.129 0.130 0011 0.4 
pendent prognostic value. Qur data also confirm the Unstable angina pectoris 0.085 — 0.003. 0007 0.91 
previously published reports of Buja et al?! and Cowley Decompensated congestive 0.209 0.213 0.004 0.60 
et al.,4! who have also noted a more fulminant clinical Vieni M 0.210 0.263 0053 858 





* Eighteen clinical variables: age, history of multiple myocardial 
infarctions, four myocardial infarct sites (anterior, inferior, posterior 


and subdendocardial), prior bypass graft surgery, angina or compen-. = 
sated congestive heart failure, eight electrocardiographic findings (Q —— 


waves, left ventricular hypertrophy, left bundle branch block, ischemic 
ST-T wave changes, nonspecific ST-T wave changes, S-T segment 
elevation, atrial fibrillation, and ventricular premature beats) andcar- 
diomegaly on chest X-ray examination. 

* Probability (P) «0.01. 

t P «0.005. 
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Intensity and distribution of myocardial activity 
of a persistently positive scintigram: A persistently 
positive scintigram after acute myocardial infarction 
generally shows less activity than that found in acute 
transmural acute myocardial infarction and approxi- 
mately the same as that obtained during acute suben- 
docardial infarction.*?? At follow-up study, 93 percent 
of the positive myocardial scintigrams showed 2+ ac- 
tivity, and there was an even distribution of abnormal 
regional and diffuse patterns. Thus, the scintigraphic 
diagnosis of recurrent subendocardial infarction in 
patients with a persistently positive scintigram may be 
difficult. 

Of importance, our study demonstrated the potential 
ominous nature of a diffusely positive myocardial 
scintigram after acute myocardial infarction. Of the 14 
patients with a cardiac death, 13 (93 percent) had a 
positive scintigram, and 7 of these 13 patients (54 per- 
cent) had a diffusely positive scintigram. Several in- 
vestigators^?4? have suggested that a diffusely positive 
scintigram may be too nonspecific to have clinical value. 
We believe that a diffusely positive scintigram in pa- 
tients with coronary artery disease is analogous to 
nonspecific ST-T wave changes in the electrocardio- 
gram and should be interpreted similarly. Experience 
from the Coronary Drug Study indicates that even 
nonspecific ST-T wave changes have an ominous 
prognostic value after acute myocardial infarction.*4 

Mechanisms for persistently positive scintigram: 
Proposed mechanisms for a persistently positive scin- 
tigram after acute myocardial infarction include per- 





FIGURE 3. Myocardial scintigrams before and after coronary bypass 
surgery. A, preoperative scintigram (2+ abnormality). B, a negative 
scintigram (1+ diffuse abnormality) obtained 6 days postoperatively. 
This patient had a persistently positive scintigram 30 weeks after an 
acute subendocardial infarction. Both scintigrams are in the anterior 
projection. 
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FIGURE 2. Patient 8 (Table V). A persis- 
tently positive myocardial scintigram with 
a diffuse 2+ abnormality, obtained 7 weeks 
after an acute anterior wall myocardial in- 
farction. Forty-six weeks after scintigraphy, 
the patient had a new myocardial infarction 
and died from cardiogenic shock. Abbre- 
viations as in Figure 1. 


sistent blood pool activity, dystrophic calcification of 
the infarct or associated mural thrombus, ventricular 
aneurysm or continued cell death in the area of the in- 
farct.?.21,41,44 Persistent blood pool activity has been 
attributed to poor binding of the radionuclide, delayed 
clearance of the radionuclide and abnormal endothelial 
adherence.*? Despite careful preparation of the radio- 
pharmaceutical and delayed imaging techniques, per- 
sistent blood pool activity may have accounted for some 
of the positive scintigrams in our study. 

For example, some patients with compensated con- 
gestive heart failure and cardiomegaly may have had a 
persistently positive scintigram secondary to persistent 
blood pool activity due to decreased clearance of the 
radionuclide caused by decreased cardiac output. En- 
hancement of even minimal blood pool activity by an 
enlarged left ventrieular cavity with stasis of blood 
within a large left ventricular aneurysm may also have 
caused the positive scintigram. However, not all patients 
with left ventricular dysfunction had a positive scinti- 
gram, and the majority of positive scintigrams (65 per- 
cent) occurred in patients with normal heart size and 
left ventricular function. 

Dystrophic calcification of the healed infarct or as- 
sociated mural thrombus or ventricular aneurysm may 
be a cause of persistently positive scintigrams. Recently 
Buja et al.?! postulated that continued cell degeneration 
(myocytolysis) in a zone of previous infarction may lo- 
calize technetium-99m pyrophosphate and cause a 
persistently positive scintigram. Similarly, Cowley et 
al.* found in surgical biopsies of left ventricular scars 
of patients with a persistently positive scintigram var- 
ious degrees of degenerating myocardial cells with only 
mild ultrastructural changes, consisting of homogeneous 
electron-dense mitrochondrial inclusions. It is thus 
possible that slow ongoing necrosis in the area of pre- 
vious infarction may be an important mechanism for a 
persistently positive scintigram. 

Duration of positive scintigram: Whether a per- 
sistently positive scintigram will remain positive in- 
definitely is unknown. The incidence of persistently 
positive scintigrams was not significantly different at 
the different follow-up periods after acute myocardial 
infarction (Table II). Positive scintigrams in some pa- 
tients with unstable or stable angina pectoris have been 
reported to become negative after coronary bypass graft 
surgery or aneurysmectomy (Fig. 3).7-109.4» Further in- 
vestigation will be required to determine if these pa- 


tients will have a more favorable clinical course. How- 
ever, preliminary data!? indicate that patients with a 
- positive preoperative myocardial scintigram may also 
have an increased incidence of surgical mortality. 
<- Seintigraphy during acute phase of infarction as 
a predictor of prognosis: The majority of our patients 
. selected had the follow-up myocardial scintigram more 
than 3 months after myocardial infarction. Thus, our 
study did not address itself to the critical 3 months after 
acute myocardial infarction, the time interval with the 
highest mortality rate for patients recovering from acute 
infarction.? Acute infarct scintigraphy may identify 
these high risk patients for early as well as late cardiac 
morbidity and mortality. Recent studies!9-15 have de- 
fined certain high risk scintigraphic patterns during 
acute myocardial infarction that have prognostic value. 
Moreover, preliminary data from this laboratory?" in- 
dicate that patients who continue to have a positive 
scintigram 14 days after infarction are likely to have a 
persistently positive scintigram when studied 6 to 37 
weeks after the acute infarction. Thus, serial myocardial 
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scintigraphy during acute myocardial infarction may 
identify patients for both early and late cardiac mor- 
bidity and mortality. 

Implications: Because of the large incidence of 
persistently positive scintigrams in patients after acute 
myocardial infarction, follow-up scintigraphy will be 
required if one wishes to use this method for the diag- 
nosis of recurrent infarction. Patients with a persistently 
positive scintigram after acute myocardial infarction 
have a more fulminant late clinical course with an in- 
creased incidence of cardiac death, nonfatal myocardial 
infarction or hospitalization for congestive heart failure 
or unstable angina pectoris. Technetium-99m pyro- 
phosphate myocardial scintigraphy has prognostic value 
in patients after acute myocardial infarction. 
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The role of the single dose technique of myocardial perfusion imaging with ——— 
thallium-201 in evaluating patients with suspected coronary artery disease - 


was studied in 128 patients undergoing diagnostic coronary arteriography. 
Significant coronary disease (70 percent or more luminal stenosis) was 
present in 95 patients. Exercise scans were compared with 4 hour re- 
distribution scans for the presence of new defects with exercise. Myo- 
cardial perfusion imaging was significantly more sensitive (85 versus 64 

percent, P <0.01) and more accurate (84 versus 71 percent, P <0.05) 


than stress electrocardiography in detecting coronary disease. 


The patients were classified into two groups: group I, 89 patients with 
diagnostically adequate stress electrocardiograms (that is, positive for 
ischemia or negative at 85 percent or more predicted maximal heart rate), 


and group li, 39 patients with nondiagnostic stress electrocardiograms — 
(that is, uninterpretable because of intraventricular conduction disturbance - 5 


or inadequate because of absence of ischemic S-T depression but failure 


to achieve 85 percent of predicted maximal heart rate). The sensitivity- : : | 
(87 percent), specificity (85 percent) and accuracy (87 percent) of = 
myocardial perfusion imaging in detecting coronary disease in group | were — 


not significantly different from the results of stress electrocardiography 

alone (88 percent sensitivity, 85 percent specificity and 88 percent ac- 
curacy). In group Il scintigraphy was 81 percent sensitive, 69 percent 
specific and 77 percent accurate in detecting coronary disease; these 


results were not significantly different from those in group |. 


These data indicate that myocardial perfusion imaging with thallium-201 
is more sensitive and more accurate than stress electrocardiography in 
detecting coronary artery disease but offers no advantage for this purpose 


in patients with diagnostically adequate stress electrocardiograms. 


Myocardial perfusion imaging with thallium-201 has been shown to: be B 
useful in detecting myocardial infarction” and in detecting andlocal. | 


izing stress-induced myocardial ischemia due to coronary artery dis- 


ease.?-1? Its use in combination with stress electrocardiography improves = o 


significantly on the noninvasive diagnosis of coronary artery disease 


made with stress electrocardiography alone.5-9 


The scintigraphic demonstration of ischemia requires a comparison 
of two sets of scans, one performed immediately after exercise and an- 
other reflecting the “baseline” state of perfusion. It has recently been 
shown that a scintiscan performed 4 hours after the exercise scan pro- 
vides as useful a baseline scan as does a separate resting scan performed. 
on a different day.9 Thus, the procedure fer exercise myocardial perfu- 
sion imaging has been made cheaper and simpler by this so- -called single 


dose technique. 
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In the present study stress electrocardiography and 
single dose exercise thallium-201 myocardial perfusion 
imaging were performed in 128 patients undergoing 
diagnostic coronary arteriography and ventriculog- 
raphy. The objective of the study was to evaluate the 
utility of single dose thallium-201 myocardial perfusion 
imaging in detecting coronary artery disease with re- 
spect to the type of electrocardiographic response to 
stress. 


Methods 


Patient selection: All patients with known or suspected 
coronary artery disease undergoing diagnostic coronary ar- 
teriography and ventriculography for clinical indications were 
considered candidates for the study. One hundred twenty- 
eight consecutive patients who were willing to participate in 
the protocol were included. Patients with recent myocardial 
infarction (within 3 months), unstable angina or signs of 
pulmonary congestion at rest were excluded because of the 
risks of exercise. Informed written consent was obtained from 
all patients under a protocol approved by the Institutional 
Review Board, Health Sciences, Columbia University. 

One hundred three patients were men and 25 were women; 
the mean age was 51.5 years (range 23 to 73). One hundred 
sixteen patients had a history of chest pain, and 43 had elec- 
trocardiographic evidence of prior myocardial infarction. Sixty 
percent had thallium-201 exercise myocardial perfusion 
imaging performed within 1 month of coronary arteriography; 
the longest interval between scintigraphy and arteriography 
was 1 year. No patients had clinical or electrocardiographic 
evidence of myocardial infarction or experienced a significant 
alteration in the pattern of angina between arteriography and 
scintigraphy. Sixty patients were receiving propranolol and 
32 were receiving digitalis at the time of thallium-201 scin- 
tigraphy. 

Coronary arteriography: Selective coronary arteriogra- 
phy was performed in multiple projections with a modified 
Judkins technique.!! A patient was considered to have sig- 
nificant coronary artery disease if one or more major coronary 
arteries or branches had 70 percent or greater narrowing of 
luminal diameter. The classification represented a consensus 
of two observers made without knowledge of the results of 
thallium-201 scintigraphy. 

Of the entire group of 128 patients, 33 (26 percent) had ei- 
ther insignificant coronary artery disease (less than 70 percent 
stenosis) or normal coronary arteriograms. Ninety-five (74 
percent) had coronary artery disease (70 percent or greater 
stenosis of at least one coronary vessel). Forty patients had 
single vessel disease, 30 had double vessel disease and 25 had 
triple vessel disease. 

Exercise testing: All exercise tests were performed after 
an overnight fast. Medications were not altered except that 
nitrates were omitted on the day of the study. A Teflon® 
catheter was inserted percutaneously into an antecubital vein 
and kept patent with an obturator. The skin was carefully 
prepared and multiple conventional leads (III, aVF, CS4, CS, 
CS.) were obtained by positioning limb leads on the torso.!? 
The electrocardiogram was monitored continuously and re- 
corded at 1 minute intervals using an Electronics for Medicine 
DR-8 recorder. 3lood pressure was measured with a sphyg- 
momanometer. The exercise test was performed on a treadmill 
(Quinton Instruments, model 18-54) using a modification of 
the Bruce protocol.!? The modification consisted of two pre- 
liminary 3 minute stages (1 mile/hour, 0 percent grade and 1 
mile/hour, 10 percent grade, respectively) that were used in 
patients with a history of severely limited exercise capacity. 
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Exercise was continued until the patient experienced an- 
ginal pain, severe fatigue, severe breathlessness, dizziness or 
light-headedness associated with a reduction in systolic blood 
pressure of at least 15mm Hg. All patients performed at least 
3 minutes of exercise before the symptom-limited end point 
was reached. Thallium-201 was injected at this point and the 
patient was encouraged to continue exercise at the same level 
for another minute before stopping. No patient had ventric- 
ular arrhythmias severe enough to necessitate termination cf 
exercise. The electrocardiogram was monitored for 6 minutes 
of recovery, and the patient was then taken to the scintillation 
camera. 

Myocardial perfusion imaging: Thallium-201* was ad- 
ministered intravenously as a bolus injection of 1.5 to 2.0 mCi 
followed by a “flush” injection of 10 cc normal saline solution. 
Imaging was begun 10 minutes after the injection of tracer 
during exercise and was repeated 4 hours later for the redis- 
tribution scan. The patient was placed in a cradle device, and 
images were recorded in the anterior and 30° and 60° left 
anterior oblique views. À multiple crystal scintillation camera 
computer system (Baird-Atomic, System 77) was used 
equipped with a 2 inch (5.08 cm) multichannel collimator. 
Scans were recorded with a 50 to 250 kev window, encom- 
passing the mercury X-rays of thallium-201 (69 to 80 kev) as 
well as less abundant gamma emissions (135 kev, 168 kev). 
Exercise images were performed for a preset counting time of 
480 seconds in each view, with accumulation of 200,000 to 
300,000 counts including approximately 50,000 counts over 
the heart. Redistribution scintiscans required 640 seconds per 
view to accumulate similar counts. 

The scans were flood-corrected for heterogeneity of crystal 
efficiency using a uniform thallium-201 liquid pool source. 
Scans were displayed with 5 point smoothing and a 30 percent 
background subtraction using a 16 shade color scale.!4 Po- 
laroid® color photographs were used for interpretation. 

Interpretation of electroeardiograms: The resting and 
stress electrocardiograms were interpréted according to cri- 
teria of the American Heart Association!? in a blinded fashion 
by two cardiologists without knowledge of the angiographic 
or scintigraphic results. À patient was classified as having an 
abnormal resting electrocardiogram if (1) there were Q waves 
indicative of transmural myocardial infarction, (2) there was 
an intraventricular conduction defect, or (3) there were re- 
polarization (ST-T) abnormalities in two or more leads. The 
stress electrocardiogram was classified as positive for ischemia 
if the following changes were present for at least three beats 
with a stable baseline: (1) horizontal or downsloping S-T 
segment depression of 0.1 mv or more at the J point and 
lasting at least 80 msec; or (2) S-T segment elevation of 0.1 mv 
or more in leads without G waves (S-'T segment elevation in 
leads with pathologic Q waves was not considered an ischemic 
response). If there was normal repolarization at rest, the S.T 
segment change was measured from the P-Q junction; if 
resting repolarization was abnormal, S-T segment depression 
was measured from the baseline S-T segment level. 

A patient who achieved 85 percent of the predicted maximal 
heart rate! without manifesting the S-T segment changes 
described was classified as having a negative stress electro- 
cardiogram. A patient who did not show S-T segment abnor- 
malities but who failed to achieve 85 percent of the predicted 
maximal heart rate because of fatigue or breathlessness was 
classified as having an inadequate electrocardiographic stress 





* Thallium-201 (thallous chloride) was supplied as a sterile pyro- 
gen-free radiopharmaceutical in 0.9 percent saline solution at pH 5-6 
in a specific activity of 1 mCi/ml (New England Nuclear or Mallinckrodt, 
Inc.) 


* 


test. A patient who had an intraventricular conduction defect 
at rest. or during exercise was classified as having an unin- 
is terpretable stress electrocardiogram. 

<. Interpretation of myocardial perfusion images: The 
. myocardial scintiscans were interpreted independently in a 
- blinded fashion by two experienced observers without 
- knowledge of the other clinical data. The rate of interobserver 
_ disagreement was 7 percent on the exercise scans and 9 per- 


-cent on the 4 hour redistribution scans; in these cases the two 


«^ observers reached a consensus. A scan was classified as normal 
"if there was homogeneous tracer distribution in the left ven- 
tricle even if there were small areas of diminished radioactivity 
(that is, occupying less than 30? of the left ventricular cir- 
cumference as assessed visually).!? A scan was said to show 
a perfusion defect if there was a discrete reduction of tracer 
activity in an area occupying at least 30? of the left ventricular 
circumference excluding the aortic and mitral valve planes. 

Exercise and redistribution scans were compared for the 
presence of a new defect with exercise, which was said to occur 
if a defect was present in an exercise scan but not in the re- 
distribution scan, or if a defect in the redistribution scan was 
larger in the exercise scan by an area occupying at least 30? 
of the left ventricular circumference. 

Statistical analysis: Analysis of parametric data was 
> performed using Student's t test. Group differences in un- 
paired nonparametric data were analyzed using either a chi 
square test or Fisher's exact test; group differences in paired 
nonparametric data were analyzed using McNemar’s test.!8 


Resuits 


The patients were classified into two groups on the 
basis of the type of electrocardiographic response to 
stress. Group I consisted of 89 patients with a diagnostic 
stress electrocardiogram (that is, either positive for 
ischemia or negative for ischemia at 85 percent or more 
of predicted maximal heart rate). Group II consisted of 
39 patients with a nondiagnostic stress electrocardio- 
gram; 7 of these had an uninterpretable and 32 an in- 
adequate electrocardiographic stress test (electrocar- 
diogram negative for ischemia but less than 85 percent 
of the maximal heart rate was achieved). 








TABLE | 
Clinical, Electrocardiographic and Angiographic Findings 
Group! Group ii 
(no. = 89) (no. = 39) 
Age (mean and range) (yr) 52.4 (32-73) 49.6 (23-70) 
Sex 72M, 17F 31M,8F 
Drug therapy at time 
of study 
Propranolol 37 (42%) 23 (59%) 
Digitalis 22 (25%) 10 (26%) 
Q waves 29 (33%) 14 (36%) 
CAD (270% stenosis) 
1 vessel 30 (43%) 10 (3896) 
2 vessel 22 (3296) 8 (3195) 
3 vessel 17 (25%) 8 (3196) 
Total 69 (78%) 26 (67%) 
Normal 20 (22%) 13 (3396) 
Exercise HR* 138 + 32 1214 10 
Exercise angina 42 (47%) 18 (46%) 





* Probability (P) <0.01. 

CAD = coronary artery disease; HR = heart rate (beats/min + 
standard deviation; Q waves = significant Q waves in the resting 
electrocardiogram. 
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The clinical, electrocardiographic and angiographic 
characteristics of the two groups are summarized in 
Table I. The two groups did not differ significantly with 
respect to the incidence or extent of coronary artery 
disease or with respect to the incidence of Q waves in the 
resting electrocardiogram. The proportion of patients 
receiving digitalis was similar in each group; the pro- 
portion of patients in group II receiving propranolol (59 
percent) was greater than that in group I (42 percent), 
but the difference was not statistically significant (chi 
square = 2.64, P 70.10). The mean heart rate achieved 
during exercise was significantly higher in group I (P 
<0.01); the incidence of angina during the stress test did 
not differ significantly in the two groups. 

Group I (89 patients with a diagnostic stress 
electrocardiogram): Table II shows the results of 
stress electrocardiography and exercise myocardial 
perfusion imaging with thallium-201. Stress electro- 
cardiography correctly identified 61 of 69 patients with 
coronary artery disease and 17 of 20 patients with a 
normal coronary arteriogram. Myocardial perfusion 
imaging revealed new defects on exercise in 60 of the 69 
patients with coronary artery disease; 3 of the 20 pa- 
tients with a normal coronary arteriogram had a false 
positive exercise scan. Two patients with coronary ar- 
tery disease had both a false negative stress electro- 
cardiogram and a false negative exercise scan. The 
sensitivity, specificity, accuracy and predictive value 
of the two tests in detecting coronary artery disease were 
not significantly different. Combining the test results 
(that is, classifying as a positive result either a positive 
stress electrocardiogram or a new scan defect, and 
classifying as a negative result the presence of both a 
negative stress electrocardiogram and no new scan de- 
fect yielded 97 percent sensitivity but only 70 percent 
specificity. 


TABLE ii 


Results of Stress Electrocardiography and Myocardial 
Perfusion Imaging in Group I (diagnostic stress 
electrocardiogram) 

















CAD Normal 
(no. = 69) (no. = 20) 
+ - + E 
Stress ECG + 54 7 Stress ECG + 0 3 
Stress ECG — 6 2 Stress ECG — 3 14 
Stress ECG Exercise MPI Combined 
Sensitivity * 88% 87% 97% 
Specificity? 85% 85% 70% 
Accuracy 88% 87% 91% 
Predictive Value’ 95% 9596 9195 





* Sensitivity = TP/(TP + FN). 

t Specificity = TN/(TN + FP). 

t Accuracy = (TP + TNV(TP + FP + TN + FN). 

Š Predictive value (for a positive test result) = TP/(TP + FP)... i 

CAD = coronary artery disease; ECG = electrocardiogram; FN = 
false negative; FP = false positive; MPI = n ial perfusion imaging; 
TN = true negative; TP = true positive; + = an abnormal study; = = 
a normal study. 
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The incidence rate of positive stress electrocardio- 
grams in the 69 patients with coronary artery disease 
in group I was 83 percent in those with single vessel, 91 
percent in those with double vessel and 94 percent in 
those with triple vessel disease. The incidence rate of 
new scan defects was 80 percent in those with single 
vessel, 91 percent in those with double vessel and 94 
percent in those with triple vessel disease. There was no 
significant difference between stress scintigraphy and 
stress electrocardiography with respect to sensitivity of 
detection by number of diseased vessels. 

Group II (39 patients with a nondiagnostic stress 
electrocardiogram): Figure 1 shows the electrocar- 
diogram and thallium-201 scintiscans in a 30 year old 
patient with atypical chest pain and a normal resting 
electrocardiogram. The patient was receiving 80 mg of 
propranolol daily. During exercise he was able to per- 
form 10.5 minutes of the Bruce protocol, stopping be- 
cause of chest pain. His maximal heart rate was 144 
beats/min, which is 76 percent of the predicted maxi- 
mum. Stress electrocardiography did not show ischemic 
S-T segment changes but was interpreted as inadequate 
(because of failure to reach 85 percent of the predicted 
maximal heart rate). The thallium-201 scan on exercise 
showed an inferoapical perfusion defect that was not 
present 4 hours later. Subsequent coronary arteriog- 
raphy revealed occlusion of the right coronary artery. 


EXERCISE 





ANT 


LAO 


EXERCISE 
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Table III lists the results of myocardial perfusion 
imaging in the 39 patients with a nondiagnostic stress 
electrocardiogram. Myocardial perfusion imaging cor- 
rectly classified six of seven patients (86 percent) with 
an uninterpretable stress electrocardiogram and 24 of 
32 patients (75 percent) with an inadequate stress 
electrocardiogram. The sensitivity, specificity, accuracy 
and predictive value of exercise myocardial perfusion 
imaging in detecting coronary artery disease in patients 
in whom stress electrocardiography was nondiagnostic 
(group II) were not significantly different from the re- 
sults obtained in group I. 

'Twenty-two of the 32 patients with an inadequate 
electrocardiographic stress test had coronary artery 
disease; 9 had single vessel, 6 had double vessel and 7 
had triple vessel disease. Eighteen of these patients (82 
percent) had new scan defects with exercise, and three 
of the four with a false negative scan had single vessel 
disease. Of the 10 patients without coronary artery 
disease, four had a false positive scan; three of these four 
patients had congestive cardiomyopathy as defined by 
the criteria of Goodwin.!? 

Role of propranolol: Failure to achieve 85 percent 
of the predicted maximal heart rate may be influenced 
by the administration of beta adrenergic blocking 
agents. Seventeen of the 22 patients (77 percent) with 
coronary artery disease and an inadequate stress elec- 


4 HOURS 





FIGURE 1. Thallium-201 myocardial 
perfusion scintiscans and electro- 
cardiograms (ECG) in a 30 year old 
man with atypical chest pain. Illus- 
trated are the scintiscans performed 
after exercise injection (EXERCISE) 
and after redistribution (4 HOURS), 
in the anterior (ANT) and 30? left 
anterior oblique (LAO) views. Tracer 
activity is color-coded: yellow, 
representing the greatest activity, 
is followed by red, lavender, blue 
and black (least activity). An in- 
feroapical perfusion defect is evi- 
dent in the exercise scintiscans; the 
4 hour scintiscans are normal. The 
resting electrocardiogram is nor- 
mal. During exercise the patient 
experienced chest pain, but the 
stress electrocardiogram did not 
show ischemic S-T segment 
changes; however, the test was 
interpreted as inadequate because 
the patient failed to achieve 85 
percent of the predicted maximal 
heart rate. Coronary arteriography 
revealed occlusion of the right 
coronary artery. (Time lines are 1 
second apart and the standardiza- 
tion is 1 mv). E 





- tracardiogram in group II were receiving propranolol 
- atthe time of study. This proportion was significantly 
, greater than the proportion of patients with coronary 

. artery disease and a diagnostic stress electrocardiogram 
- (group D) who were receiving propranolol (32 of 69, P 
.... €0.05). However, the mean heart rate achieved by the 
-. 17 patients receiving propranolol who had an inade- 
"quate stress electrocardiogram (maximal heart rate 
- achieved 114 + 16 beats/min [mean + standard devia- 
tion]) was not significantly different from that achieved 
by the 32 patients receiving propranolol who had a di- 
agnostic stress electrocardiogram (maximal heart rate 
achieved 111 + 28 beats/min). Similarly, the incidence 
rates of angina during exercise (12 of 17 [71 percent] 
versus 23 of 32 [72 percent]) and of new scan defects (15 
of 17 [88 percent] versus 28 of 32 [88 percent]) were not 
significantly different. Moreover, the incidence of new 
scan defects in the 37 patients with coronary artery 
disease and a diagnostic stress electrocardiogram who 
^ were not receiving propranolol at the time of study (32 
of 37.[86 percent]) did not differ significantly from the 
incidence of new scan defects among patients receiving 
propranolol. 

Results for the entire study group: Figure 2 sum- 
marizes the results of stress electrocardiography and 
|. myocardial perfusion imaging in the entire group of 128 
- patients. As in previous reports, 99 myocardial per- 

. fusion imaging was significantly more sensitive than 
` stress electrocardiography (85 versus 64 percent, P 
<0.01) in detecting coronary artery disease. The ob- 
served difference in specificity between the two tests (79 
versus 91 percent) was not statistically significant. 
Myocardial perfusion imaging correctly classified 107 
of the 128 patients (84 percent accuracy versus 71 per- 
cent accuracy for stress electrocardiography) (P 
«0.05). 






100 


75 


FIGURE 2. Results of thallium-201 
(TI) myocardial perfusion imaging 
and electrocardiography (ECG) in 
the entire group of 128 patients. In 
the patients with coronary artery 
disease (CAD), redistribution (4 H) 
thallium defects were more com- 
-mon than Q waves (55 versus 43 
percent, P <0.05). New thallium 
defects with exercise were more 
prevalent than ischemic S-T seg- 
ment depression (STi) (85 versus 
64 percent, P <0.01). The results in 
patients with insignificant (less than 
70 percent stenosis) or no coronary 
disease (NORMAL) reveal 21 per- ECG 4H 
cent false positive exercise scans Q TI 
and 9 percent faise positive S-T 
depressions; this difference is not 
statistically significant. 
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TABLE iil 


Results of Myocardial Perfusion imaging in Group Il 
(nondiagnostic stress electrocardiogram) 














CAD Normal 
(no. = 26) (no. = 13) 
Exercise MPI Exercise MPI 

Stress ECG + _ Stress ECG + E 

Unint. 3 1 Unint. 0 3 

inad. 18 4 inad. 4 6 

Exercise MPI 

Sensitivity 81% 
Specificity 69% 
Accuracy 7796 
Predictive value 84% 





CAD = coronary artery disease; Inad. = inadequate stress electro- 
cardiogram; MPI-= myocardial perfusion imaging; Unint. = unimer- 
pretable stress electrocardiogram; + = new scan defect; — = no new 
scan defect. 


Discussion 


Single versus double dose thallium-201 scintig- 
raphy: Single dose myocardial perfusion imaging with 
thallium-201 utilizes a scintiscan obtained 4 hours after 
exercise injection of tracer as the baseline scan for 
comparison with the exercise scan. The observation of 
a new defect that is not present in the 4 hour redistri- 
bution scan is presumptive evidence of myocardial 
ischemia due to obstructive coronary artery disease.” 
The conventional method of myocardial perfusion 
imaging with thallium-201 uses a separate thallium scan 
that is performed at rest on a different day for this 
comparison. 

In this study single dose myocardial perfusion 
imaging detected coronary artery disease with 85 per- 
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cent sensitivity, 79 percent specificity and 84 percent 
accuracy. The sensitivity level is comparable with that 
previously reported for double dose thallium-201 scin- 
tigraphy? ? and for studies utilizing only the exercise 
scan.99 The observed specificity was somewhat lower 
than that found in other series,’ and this difference 
may be due to the inclusion in our study of five patients 
with eardiomyopathy and a normal coronary arterio- 
gram; abnormal myocardial blood flow?! and false 
positive thallium-201 scans have been reported???3 in 
such patients. 

Stress scintigraphy versus stress electrocardi- 
ography: In the entire group of 128 patients, myocar- 
dial perfusion imaging was significantly more sensitive 
than stress electrocardiography in detecting coronary 
artery disease. Previous studies comparing stress elec- 
trocardiography with myocardial perfusion imaging also 
showed that scintigraphy was significantly more sen- 
sitive for this purpose? 5? However, little attention has 
been paid to the relation between the nature of the 
electrocardiographic response to stress and the results 
of thallium-201 scintigraphy. 

In our study the levels of sensitivity, specificity and 
accuracy of myocardial perfusion imaging in detecting 
coronary artery disease in patients with a diagnostically 
adequate stress electrocardiogram (group I) were similar 
to the values with stress electrocardiography alone. 
Because no previously reported study of ‘exercise 
scanning with thallium-201 has separated the patients 
in this manner, direct comparisons are difficult. Bot- 
vinick et al.8 found scintigraphy more sensitive than 
Stress electrocardiography (85 versus 67 percent) in 
patients with an isoelectric S- T segment at rest. How- 
ever, they included four patients with coronary artery 
disease and a negative stress electrocardiogram at 
suboptimal stress (less than 85 percent of predicted 
maximal heart rate); in our study such patients were 
placed in the nondiagnostic group (group Il). If these 
four patients are eliminated, the sensitivity levels of 
scintigraphy and stress electrocardiography in their 
series did not differ significantly (83 and 78 percent, 
respectively). Verani et al.!? also reported no statisti- 
cally significant difference between the sensitivity of 
scintigraphy (77 percent) and exercise electrocardio- 
graphic testing (86 percent) in patients with a diagnostic 
exercise electrocardiogram. 

The sensitivity level (88 percent) of the stress elec- 
trocardiogram in detecting coronary artery disease in 
the 89 patients in our group I is higher than that previ- 
ously reported in other series.9-? One explanation for 
this is our inclusion of patients with resting S- T segment 
abnormalities who have further S-T depression with 
exercise; this has been reported to yield increased sen- 
sitivity?* at the expense of decreased specificity (that 
is, more false positive results). However, when the 
patients with resting S-T segment depression were 
separated from those with isoelectric S-T segments at 
rest, there was no significant difference in sensitivity or 
specificity between the two groups. Thus the relatively 
high sensitivity of stress electrocardiography in these 
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patients probably reflects differences in patient popu- 
lation. 

Patients with uninterpretable or inadequate 
electrocardiographic stress tests: The results of 
thallium-201 myocardial perfusion imaging for de- 
tecting coronary artery disease in the 39 patients in 
group II (81 percent sensitivity and 69 percent speci- 
ficity) were not significantly different from those in the 
patients in group I. The rationaie for using myocardial 
scintigraphy in patients with resting or exercise-induced 
left bundle branch block or intraventricular conduction 
disturbance is clear: the electrocardiographic changes 
of ischemia may be undetectable.?9 There is no reason 
to suspect that the results of scintigraphy in such pa- 
tients would differ from those in patients with a diag- 
nostic stress electrocardiogram. 

Thirty-two of the patients in group II had a negative 
stress electrocardiogram but failed to reach 85 percent 
of predicted maxima! heart rate, thus raising the ques- 
tion whether the amount of exercise performed was 
adequate to induce ischemia. McLaughlin et al.” 
studied 12 patients at two levels of exercise, and were 
able to identify at light exercise only 53 percent of the 
ischemic thallium-201 defects seen at maximal exercise. 
In our study none of the 22 patients with coronary artery 
disease and an inadequate stress electrocardiogram had 
an ischemic electrocardiographic response, although 
angina developed in 16 and 18 had a perfusion defect on 
scanning. This suggests that the mechanism or mech- 
anisms whereby ischemic S-T segment depression oc- 
curs in the exercise electrocardiogram” are not identical 
with those that result in angina or an exercise scan de- 
fect. 

Seventeen of the 22 patients with coronary artery 
disease and an inadequate stress electrocardiogram were 
receiving propranolol at the time of study. Previous 
studies have demonstrated that therapeutic doses of 
propranolol result in a significant reduction of heart rate 
fer a given exercise work load in normal volunteers?9?9 
and in patients with heart disease.7939 Thus, many of 
the patients in group Il may have failed to achieve 85 
percent of predicted maximal heart rate because of 
therapeutic beta blockade. However, the mean heart 
rate achieved by these 17 patients did not differ sig- - 
nificantly from that achieved by the patients in group 
I who were receiving propranolol. Furthermore, the 
incidence of new scan defects was not significantly 
different among patients receiving propranolol who had 
diagnostic or inadequate electrocardiographic stress 
tests and patients not receiving propranolol who had 
diagnostic tests. These data suggest that the amount of 
exercise performed by these 17 patients receiving pro- 
pranolol was adequate to induce ischemia despite the 
absence of ischemic S-T segment changes in the stress 
electrocardiogram. 

Previous reports of myocardial perfusion imaging 
with thallium-201 in patients with nondiagnostic stress 
electrocardiograms have also demonstrated the use- 
fulness of scintigraphy in this group. Botvinick et al.8 
correctly classified 17 of 19 patients with equivocal 


* 


<- Stress electrocardiograms, and Verani et al.!° correctly 
-identified 24 of 26 patients with nondiagnostic exercise 


~ electrocardiogram tests. However, in no previous study 


have the data suggested that the enhanced sensitivity 


< of thallium-201 myocardial perfusion imaging in de- 
_ tecting coronary artery disease is confined to such pa- 
. tients. 


Exercise-induced ischemia could not be detected 


- -electrocardiographically in the 26 patients in this study 
- who had coronary artery disease and a nondiagnostic 





stress electrocardiogram. However, 14 of these patients 
had Q waves in the resting electrocardiogram, and a 
presumptive diagnosis of coronary artery disease might 
have been made on this basis. Yet even in patients with 
diagnostic Q waves it is often useful to know whether 
additional coronary disease is present involving vessels 
other than the one that presumably caused the infarct. 
Therefore the demonstration of exercise-induced 
ischemia is most important, and in the 21 patients in 
group H with new scan defects during exercise it could 
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be shown only with myocardial perfusion imaging. 

Implications: Our data show that stress electroca: 
diography and thallium-201 myocardial perfusio 
imaging had comparable sensitivity levels for the d 
tection of coronary artery disease in patients who: 
stress electrocardiogram was diagnostic. The sensitivil 
of myocardial perfusion imaging in detecting coronal 
artery disease did not differ significantly in patien 
with and without a diagnostic stress electrocardiograr 
These results imply that for detecting coronary arter 
disease, the primary utility of myocardial perfusio 
imaging is in the evaluation of patients with a nond 
agnostic stress electrocardiogram. 
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documented effectiveness in ventricular arrhythmias; 
indicated for certain atrial arrhythmias as well 


an effective alternative to lidocaine for intravenous 
administration 


unlike Norpace" (Disopyramide Phosphate), widely used and 
Pxtensively studied in patients with ventricular arrhythmias 
ollowing acute MI 

unsurpas ersatility—injectable and oral are the same 

hemical e possess the same pharmacodynamics 

produce’ er exacting quality control standards by 
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PRONESTYL* INJECTION 
Procainamide Hydrochloride Injection USP 


DESCRIPTION: Pronestyl Injection (Procainamide 
Hydrechioride Injection USP) is a sterile, aqueous 
solution providing 100 mg or 500 mg procainamide 
hydrochloride per ml. The 100 mg/ml potency 
contains 0.995 (w/v) benzyl alcohol and 0.09% 
sodiurn bisulfite as preservatives. The 500 mg/ml 
potency contains 0.1% methylparaben and not 
more than 0.2% sodium bisulfite as preservatives. 
CONTRAINDICATIONS: In patients with myas- 
thenia gravis and where a hypersensitivity to pro- 
cainamide exists: cross sensitivity to procaine and 
related drugs must be borne in mind. Should not 
be given to patients with compiete atrioventricular 
heartblock. Contraindicated in cases of high- 
degree AV block unless an electrical pacemaker 
is operative. 

PRECAUTIONS: Evidence of untoward myocardial 
responses should be carefully watched for in all 
patients. In the presence of myocardial damage, 
procainamide may produce untoward responses. 
in atrial fibrillation or flutter, the ventricular rate 
may increase suddenly as the atria! rate is slowed; 
adequate digitalization reduces but does not 
abolish this danger. if myocardial damage exists, 
ventricular tachysystole is particularly hazardous. 
The dislodgment of mural thrombi producing an 
embolic episode may occur in correcting atrial 
fibrillation dueto the forceful contractions of the 
atrium. 

Extreme caution is required in attempting to 
adjust the heart rate when ventricular tachycardia 
hias occurred during an occlusive coronary episode 
or where the use of procainamide may result in 
additional depression of conduction and ventricular 
asystole or fibrillation as in A-V block, bundie 
branch block, or severe digitalis intoxication. 

Parenteral administration should be monitored 
eiectrocardiographically whenever practicable. 
Parenteral administration should be discontinued 
at once if electrocardiograms give evidence of im- 
pending heart block. This complication should be 
kept in mind when treating ventricular arrhythmias 
{especially parenterally) in patients with severe 
organic heart disease and ventricular tachycardia 
who may also have complete heart block. Since 
asystole may result if the ventricular rate is signifi- 
cantly slowed without attainment of regular atrio- 
ventricular conduction, procainamide should be 
stopped and the patient re-evaluated. 

in the presence of both liver and kidney damage. 
normai dosage may produce symptoms of over- 
dosage — principally ventricular tachycardia and 
severe hypotension. 

A syndrome resembling lupus erythematosus has 
beerrreported with oral maintenance procainamide 
therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin 
lesions, pleural effusion and pericarditis may also 
occur. Rare cases of thrombocytopenia or Coombs- 
positive hemolytic anemia, possibly related to 
this syndrome, have been reported. Measure anti- 
nuclear antibody titers at regular intervals in 
patients on procainamide for extended periods of 
time or in whom symptoms suggestive of lupus- 
like reaction appear; discontinue drug in event of 
rising titer or clinical symptoms of LE. Steroid 
therapy may be effective if discontinuation of pro- 
cain&mide does not cause remission of symptoms. 
if the syndrome develops in a patient with recur- 
rent life-threatening arrhythmias not otherwise 
conttoilable, steroid-suppressive therapy may be 
usediconcomitantly with procainamide. 


ADVERSE REACTIONS: Because procainamide 
is a peripheral vasodilator, 1 V. administration may 
produce transient but at times severe hypotension 
particularly in conscious patients. 1. M. injection is 
less likely to cause serious falls in blood pressure. 
Sericus disturbances of cardiac rhythm such as 
ventricular asystole or fibrillation are also more 
common with LV. administration. 

A syndrome resembling lupus erythematosus 
has been reported in patients on oral maintenance 





therapy. Reactions consisting of fever and chilis 
including a case with fever and chills plus nausea. 
vomiting, abdominal pain, acute hepatomegaly. 
and arise in SGOT follewing single doses of the 
drug have been reported. Bitter taste, diarrhea. 
weakness, mental depression, giddiness, psychosis 
with hallucinations, hypersensitivity reactions 
such as angioneurotic edema and maculopapuiar 
rash have been reported. Agranulocytosis has 
been occasionally reported following repeated use 
of the drug, and deaths have occurred; therefore, 
routine blood counts are advisable during main- 
tenance therapy. If soreness of mouth, throat 
or gums, unexplained fever or any symptoms of 
upper respiratory tract infection should occur and 
leukocyte counts indicate cellular depression, 
procainamide therapy should be discontinued and 
appropriate treatment should be instituted 
immediately. 

For full prescribing iaformation, consult package 
insert. 
HOW SUPPLIED: Pronestyl Injection (Procaina- 
mide Hydrochloride imection USP) is available in 
10 mi vials providing 160 mg procainamide hydro- 
chloride per ml and in 2 mi vials providing 500 mg 
procainamide hydrochioride per ml. 


PRONESTYL* TABLETS 

Procainamide Hydrochloride Tablets 
PRONESTYL* CAPSULES 
Procainamide Hydrochioride Capsules USP 


The prolonged administration of procainamide 
often leads to the development of a positive 
anti-nuclear antibody (ANA) test with or with- 
out symptoms of lupus erythematosus-like syn- 


drome. If a positive ANA titer devetops, the 
benefit/risk ratio related to continued procain- 
amide therapy should be assessed. This may 
necessitate considerations of alternative anti- 
arrhythmic therapy. 





DESCRIPTION: Pronestyl (Procainamide Hydro- 
chloride) is the amide analogue of procaine 
hydrochloride and is available for oral adminis- 
tration as veneer-coated tablets and capsules 
providing 250 mg, 375 mg. and 500 mg procain- 
amide hydrochloride. 


CONTRAINDICATIONS: in patients with myas- 
thenia gravis and where a hypersensitivity to pro- 
cainamide exists; bear in mind cross sensitivity to 
procaine and related drugs. Should not be given to 
patients with complete atrioventricular heart biock. 
Contraindicated in cases of second degree and 
third degree A-V block unless an electrical pace- 
maker is operative. 


PRECAUTIONS: Evidence of untoward myocardial 
responses should be carefully watched for in all 
patients. in the presence of myocardial damage 
with atrial fibrillation or flutter, the ventricular rate 
may increase suddenly as the atrial rate is slowed: 
adequate digitalizatios reduces but does not 
abolish this danger Ventricular tachysystole is par- 
ticularly hazardous if myocardial damage exists. 


The dislodgment of mural thrombi producing an 
embolic episode may occur in correcting atrial 
fibrillation due to the forceful contractions of the 
atrium. 

Extreme caution is required in attempting to 
adjust the heart rate when ventricular tachycardia 
has occurred during an occlusive coronary episode 
or where the use of procainamide may result in addi- 
tional depression of cenduction and ventricular 
asystole or fibrillation as in second degree and 
third degree A-V block, bundie branch block, or 
severe digitalis intoxication. 

Bear in mind when treating ventricular arrhyth- 
mias in patients with severe organic heart disease 
and ventricular tachycardia that complete heart 
block, which may be difficult to diagnose, may be 
present. Since asystoie may result if the ventricular 





rate is significantly slowed without attainment c 
regular atrioventricular conduction, procainami 
should be stopped and the patient re-evaiuatec 

inthe presence of both liver and kidney dame 
normal dosage may produce symptoms of over- 
dosage — principally ventricular tachycardia ark 
severe hypotension. 

Asyndrome resembling lupus erythematosus 
been reported with oral maintenance procainam 
therapy. Common symptoms are polyarthralgia, 
arthritis and pleuritic pain. Fever, myalgia, skin 
lesions, pleural effusion and pericarditis may ak 
occur. Rare cases of thrombocytopenia or Coor 
positive hemolytic anemia. possibly related to 
this syndrome, have been reported. Measure at 
nuclear antibody titers at regular intervals in 
patients on procainamide for extended periods 
time or in whom symptoms suggestive of lupus- 
like reaction appear; in event of rising titer (anti 
nuclear antibody) or clinical symptoms of LE, 
assess the benefit/risk ratio related to continue 
procainamide therapy (see boxed Warning). Ste 
therapy may be effective if discontinuation of p 
cainamide does not cause remission of symptoi 
if the syndrome develops in a patient with recurt 
life-threatening arrhythmias not otherwise com 
trollable, steroid-suppressive therapy may beu 
concomitantly with procainamide 


ADVERSE REACTIONS: Hypotension is rare w 
oral administration. Serious disturbances of can 
rhythm such as ventricular asystole or fibrillati 
are more common with LV. administration. 

Large oral doses may sometimes produce a 
rexia, nausea, urticaria, and/or pruritus. 

Asyndrome resembling lupus erythematosu: 
been reported in patients on oral maintenance. 
therapy (see Precautions). Reactions consistin 
fever and chilis have been reported, including 
case with nausea, vomiting, abdominal pain, a 
hepatomegaly, and a rise in serum glutamic ox 
acetic transaminase following single doses of t| 
drug. Agranulocytosis has been occasionally 
reported following repeated use of the drug, a 
deaths have occurred. Therefore, routine bloo: 
counts are advisable during maintenance proci 
amide therapy; and the patient should be instru 
toreport any soreness of the mouth, throat org 
unexplained fever or any symptoms of upper r 
ratory tract infection. if any of these symptom: 
should occur and leukocyte counts indicate cell 
depression, procainamide therapy should be 
continued and appropriate treatment should 
instituted immediately. Bitter taste, diarrhea, 
ness, mental depression, giddiness, psychosis 
hallucinations, and hypersensitivity reactions. 
as angioneurotic edema and maculopapular r: 
have been reported. 

For full prescribing information, consult pac 
insert. 
HOW SUPPLIED: Pronestyl Tablets (Procaina: 
Hydrochloride Tablets) and Pronestyl Capsule 
(Procainamide Hydrochioride Capsules USP) 
vicing 250 mg, 375 mg, and 500 mg procaina: 
hydrochloride are available in bottles of 100 
Unimatic* single-dose packaging in cartons o 
The 250 mg and 500 mg tablets and capsules 
also available in bottles of 1000. 
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Unround to reduce motion 
artifact and ensure base-line 
stability. 

The Medi-Trace® Offset elec- 
trode separates the snap from 
the gel column, connecting 
them with a silver /silver chloride 
conductor. The result? Little or 
no movement of the gel column, 
producing a superior trace that 
virtually eliminates motion 
artifact. Since the snap is over 
the adhesive, leadwire induced 
artifact and loose electrodes 
caused by leadwire tugging 

are virtually eliminated. 


Unround Offset and Offset 
Dx...part of a total ECG 
monitoring system. 

Packaged for your con- 
venience, Offset electrodes are 
available in singles, 3's and 
25's. Offset Dx electrodes come 
in singles, 5's and 25's. A multi- 
ple layer foil package maintains 
a clean product that is virtually 
impervious to moisture/ vapor 
transmission. 


Offset and Offset Dx are part 
of our total ECG monitoring 
system that includes a com- 
plete line of cables, leadwires, 
recording charts and patient 
record forms. 


Unround, the result of 

new technology in ECG 
monitoring electrodes.* 
Advanced technology assures 
unprecedented conductivity 
and an end to trace deterio- 
ration problems. Specially 
formulated gel prevents pre- 
mature dry-out and provides 
low impedance for a strong, 
reliable trace. In actual 
defibrillation tests, Offset elec- 
trode trace recovery occurred 
in less than one second! 


Uninterrupted ECG monitoring 
is virtually assured. 


Unround to result in 

a superior trace. 

The soft, flexible gel ring 
maintains a stable gel column, 
even during patient and/or 
leadwire movement. Motion arti- 
fact is greatly reduced. Further, 
the specially formulated low 
impedance gel ensures base- 
line stability and minimizes 
patient skin irritations. The 
result? A rapid, strong, clear 
trace that's trouble free. 
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ffective contro! in (mild to moderate) hypertension 
sually with just 2 or 3 tablets daily 

Low incidence of depression, and orthostatic 
ypotension.* 

The most common side effects are dry mouth. 
rowsiness, and sedation, which generally tend to dim- 
ish with time. As with other antihypertensives contain- 
g diuretic agents, hypokalemia, ina and 

perglycemia may occur. Drowsiness and sedation 
ay be alleviated by givi ing the larger portion of the 
ivided dose at bedtime.’ 

Convenient morning and bedtime dosage 
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Combipres is not indicated for initial therapy. itis for patients .e- 
sponsive to its components given separately in equivaient 
Piease see brief summary of the prescribing information on the last 
page of this ad for warnings, precautions. and adverse re 
“Orthostatic hypotension has been repored with chlorthalidione 
may be potentiated when chiorthalidone is combined with aico 
barbiturates, or narcotics 
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Warning: This fixed combination drug is not 
indicated for initial therapy of hypertension 
Hypertension requires therapy titrated to the 
indiv:dua! patient. If the fixed combination rep- 
tesents the dosage so determined. its use 
may be more convenient in patient manage- 
ment. The treatment of hypertension is not 


Static, but must be reevaluated as conditions 
in each patient warrant. 








a d 
indication: The drug is indicated in the treatment 
of hypertension (see box warning). 
Contraindications: Patients with known hyper- 
sensitivity to chlorthalidone and patients with se- 
vere renal or hepatic diseases. 

Warnings: Tolerance may develop in some in- 
stances necessitating a reevaluation of therapy 
Usage ia Pregnancy: In view of embryotoxicity 
findings in animals. and since information on pos- 
sible adverse effects in pregnant women is limited 
to uncontrolled clinical data, the rug s not rec- 
ommended in women who are or may become 
pregnant unless the potential benefit outweighs 
the potential risk to mother and fetus. 

Usage i Children: No clinical experience is avail- 
able with the use of Combipres in children 
Precautions: When discontinuing Combipres. re- 
duce the dose gradually over 2 to 4 days to avoid 
& possibie rapid rise in blood pressure and as- 
sociated subjective symptoms such as nervous- 
ness. agitation, and headache. Patients should be 
instructed nol to discontinue therapy without con- 
suling their physician. Rare instances of hyper- 
tensive encephalopathy and death have been re- 
carded aiter cessation of clonidine hydrochloride 
therapy. À causal relationship has not been estab- 
lished in these cases. It has been demonstrated 
that an excessive rise in blood pressure, should it 
occur, can be reversed by resumption of Com- 
bipres Inerapy or by intravenous phentolamine 
Patients who engage in potentially hazardous ac- 
tivities, such as operating machinery or driving. 
should be advised of the sedative effect of the 
clonidine hydrochloride componen: This drug may 
enhance ‘he CNS-depressive effects of alcohol. 
barbiturates and other sedatives. Like any other 
antihypertensive agent. Combipres should be 
used with caution in patients with severe coronary 
insufficiency. recent myocardial infarction, cere- 
brovascular disease or chronic renal fatture 

As an integral part of their overall long-term care, 
patients treated with Combipres should receive 
periodic eye examinations. While. except for same 
dryness o! the eyes, no drug-related abnormal 
ophthalmological findings have been recorded 
with Catapres. in several studies the drug pro- 
duced a dose-dependent increase in the incidence 
and severity of spontaneous!y occurring retinal 
degenerat.on in albino rats treated tor 6 months or 
longer. 

Patients predisposed toward or affected by dia- 
betes should be tested periodically while receiving 
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Combipres. because of the hyperglycemic effect 
of chiorthalidone. 

Because of the possibility of progression of renal 
failure. penodic determination of the BUN is indi- 
cated. if, in the physician s opinion. a rising BUN 
is significant. the drug should be stopped 

The chiorthalidone component of Combipres may 
lead to sodium and'or potassium depletion. Mus- 
cular weakness, muscle cramps. anorexia. 
nausea. vomiting. constipation. lethargy or mental 
confusion may occur. Severe dietary salt restric- 
tion is not recommended in patients receiving 
Combipres. 

Periodic determinations of the serum potassium 
level will aid the physician in the detection of 
hypokalemia. Extra care should be given to delec- 
tion of hypokalemia ín patients receiving adrenal 
conicosteroids. ACTH or digitalis. Hypochioremic 
alkalosis often precedes other evidence of severe 
potassium deficiency. Frequently, therefore, more 
sensitive indicators than the potassium serum 
level are the serum bicarbonate and chionde con- 
centrations. Also indicative of potassium depletion 
can be electrocardiograpnic alterations such as 
changes in conduction time. reduction in 
amplitude of the T wave. ST segment depression, 
prominent U wave. These sbnormalilies may ap- 
pear with potassium depletion before the serum 
level of potassium decreases. To lessen the pos- 
sibility of potassium deficiescy. the diet. in addition 
to meat and vegetables, should include 
potassium-rich foods such as citrus fruits and 
bananas. If significant potassium depletion should 
occur during therapy. oral potassium supplements 
in the form of potassium cnvoride (3 to 4.5 gm 
day). fruit juice and bananas should be given. 
Adverse Reactions: The most common reactions 
are dry mouth, drowsiness and sedation. Consti- 
pation, dizziness. headache. and fatigue have 
been reported. Generally these effects tend to di- 
minish with continued therapy. 

Clonidine hydrochloride: Anorexia, malaise. 
nausea, vomiting, parotid pan, mild transient ab- 
normalities in liver function tests; one case of 
possible drug-induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving clonidine 
hydrochioride, chiorthalidone and papaverine hy- 
drochioride. Weight gain, transient elevation of 
blood glucose. or serum creatine phosphokinase: 
congestive heart failure. Raynaud's phenomenon: 
vivid dreams or nightmares. :nsomnia, other be- 
haviorat changes, nervousness, restlessness, anx- 
iety and mental depression. Also rash, angio- 
neurotic edema, hives. urticana, thinning of the 
hair, pruntus not associatec with a rash; impo- 
lence, urinary retention; increased sensitivity to 
alcohol, dryness. itching or burning of the eyes, 
dryness of the nasal mucosa: pallor. gynecomas- 
lia. weakly positive Coombs fest. asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 
Chlorthalidone: Symptoms such as nausea. gas- 
tric irritation, anorexia, constipation and cramping, 
weakness. dizziness. transiest myopia and rest- 
lessness are occasionally observed. Headache 
and impotence or dysuria may occur rarely. Or- 
thostatic hypotension has been reported and may 
be potentiated when chlortha'.done is combined 











with alcohol, barbiturates or narcotics. Skin 
rashes, urticaria and purpura have been reported 
in a few instances 

A decreased glucose tolerance evidenced by 
hyperglycemia and glycosuria may develop incon- 
sistently. This condition, usually reversible on dis- 
continuation of therapy, responds to control with 
antidiabetic treatment. Diabetics and those pre- 
cisposed should be checked regularly 

AS with other diuretic agents hypokalemia may 
occur (see Precautions). Hyperuricemia may be 
observed on occasion and acute attacks of gout 
have been precipitated. In cases where prolonged 
and significant elevation of blood uric acid con- 
centration is considered potentially deleterious, 
concomitant use o! a uricosuric agent is effective 
ir reversing hyperuricemia without loss of diuretic 
and'or antihypertensive activity. 

iciosyncratic drug reactions such as aplastic 
anemia, thrombocytopenia, leukopenia, agranulo- 
cytosis, and necrotizing angiitis have occurred, 
but are rare 

The remote possibility of pancreatitis should be 
considered when epigastric pain or unexplained 
gastrointestinal symptoms develop after prolonged 
administration. 

Other adverse reactions which have been re- 
pcrted with this general class of compounds in- 
clude iaundice, xanthopsia. paresthesia and 
photosensitization. 

Overdosage: Catapres {clonidine hydrochloride): 
Profound hypotension, weakness, somnolence. 
diminished or absent reflexes and vomiting fol- 
lowed the accidents! ingestion of Catapres by 
several children from 19 months to 5 years of 

aga. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recov- 
ery within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 33-minute intervals abolishes 
ali effects of Catapres overdosage 

Chiorthahidone: Symptoms of overdosage include 
nausea. weakness. dizziness, and disturbances of 
electrolyte balance. There is no specific antidote. 
but gastric lavage is recommended. followed by 
supportive treatment. Where necessary. this may 
include intravenous dextrose and saline with 
potassium administered with caution. 

How Supplied: Combipres* 0.1 (Each tablet con- 
tains clonidine hydrochlodde 0.1 mg + chior- 
thahidone 15 mg). It is available as pink. oval, 
single-scored compressed tablets in boities of 
100. 

Cormbipres* 0.2 (Each tablet contains clonidine 
hyd-ochioride 0.2 mg. + chiorthalidone 15 mg). It 
is available as blue, oval. single-scored com- 
pressed tablets in bottles of 100. 

For complete details. please see full prescribing 
information 


References: 

1. Data on file at Boehringer ingeihein Ltd. 
2. Pettinger WA: NEJM, 293:1179, 1975. 

3. Katz FH: Hosp Mec, 13:34, 1977 
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low-amplitude signals like these? 


ou can get instruments with 
jood high-frequency response. 
Dr others that can pick up low 
mplitudes. But would you really 
ust a diagnosis if you couldn't 
ust your ECG to do it all? 


iththeCambridge Model 3038/2 
-channel ECG, you get all the 
ecording fidelity you need... 
ecause you get signals from all 
arts of the complex. Distortion- 
ee. Sharply defined. Every time. 


ecorder frequency response of 
ore than. 200 Hz allows the 
038/2 to respond to high-fre- 
uency, low-amplitude signals so 


small, other ECG's may miss 
them. A combination of low-fric- 
tion heated stylus and powerful 
servo-motor produces tracingsso 
precise, nonotchesareslurred ... 
no vital data lost — even when 
changes in signal level are less 
than 10 microvolts (0.1 mm at 
standard sensitivity). 


Of course, you may want more 
than a superior tracing. That's 
why we've designed-in a semi- 
automatic mode to give you extra 
control and flexibility when pa- 
tients are uncooperative or ner- 
vous. That's why you're able to 
addavariety oflead programming 
options to meet your exact re- 
cording format requirements. And 
that’s why it's so expandable, you 
can add heart-sound/pulse-wave 


recording, a computer phone 
terminal, a hum filterunit ... or 
even buy a special "S" version for 
double-duty use as a mobile, 
stand-alone ECG or the heart of a 
modular stress test system. 


Get it a//, with the Cambridge 
Model 3038/2. For details, write 
or call: Cambridge instrument 
Company, 73SpringSt., Ossining, 
N.Y. 10562 (914) 941-8100. 
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‘saving space. 


GE’s new L/U system 
gives you compact design 
and motorized positioning. 


Here's a new vascular system tha: provides the 

full range of imaging positions for cardiac, neuro, 
abdominal and peripheral angiography without patient 
rotation or movement. It requires one-third less floor 
space than a conventional system... and costs less too. 


It's the new L/U system from General Electric. 


Either motorized or manual positioning can be 
used to rapidly obtain AP, PA, lateral, oblique or 
compound views. 


The unique stand allows universel positioning of the 
tube and intensifier anywhere in the transverse, vertical 
and longitudinal axes. The table provides triaxial 
movement plus rotary positioninc to cover the entire 
anatomical range. And the low absorption carbon fiber 
reinforced top facilitates high contrast studies. 


You'll also get the proven performance of the 
Fluoricon® 300 intensifier. With €" triple fieid capability. 
And superior 14.5 megahertz bandwidth video imaging 
with high mA cine and photospot recording. 
Resolution, contrast ratios and quantum detection 
efficiency are optimized for vascular procedures. 


Ask your GE representative about the new L/U 
System. It gives you all the angles and all the room 
you'll ever need. 


General Electric Medical Systems, 
Milwaukee, Toronto, Madrid. 


You'd expect it from GE. 
GENERAL QD ELECTRIC 
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Just published, this comprehensive work covers every aspect of 
exercise and its role in Diagnosis, Treatment, and Prevention of 
cardiac disease. 

The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it Bee from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 
13 Present status of exercise testing and training in terms of 
physiological bases and clinical applications 
4 Nuclear cardiology 
Computer analysis cf the exercise ECG 
Stress myocardial scintigraphy 
Various interpretations of exercise tests in the asymptomatic 
population 
The editors have brought together a distinguished group of 
Specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interesit—professional or personal—in 
exercise and the heart, we urge you to look at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to look it over before buying it. 
Send for your copy of Exercise in Cardiovascular Health and 
Disease today. Then use it for 30 days without risk. 
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. for every professi onal — 


with an interest i in Exercise and the Heart 


in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD. Chief Coronary Care Unit, 
Univ. of Calif. Schoo! of Medicine 
Jack K. Wilmore, PhD, Professor and Head Dept. 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD. Dir. Echocardiography Section, 
Univ. of Calif. Schoo! of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 
Woebs a e reim 
Yorke Medical Books 


666 FIFTH AVE., 
NEW YORK, N.Y. 10019 


Please send me a copy of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE for 30 days free examination and use. if | decide to keep it, 
your invoice will be honored ($33.00 plus shipping cost). Otherwise, the 
book will be returned for full credit or refund. 


cl Full payment enclosed, publisher absorbs shipping cost 
2 Send invoice (U.S. and Canada only) 


iCountriss outside Western Hemisphere- prepay in U S. funds and add $5. to. price! 
New York resdients add applicable sales tax 
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one bottle for the office 


asecond at home 
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a third for travel 


a fourth for pocket or purse 


More than 700 million tablets of Narostal 
old during the past five years 









Sublingual Table 
Also available in bottles o? 700 tab] 
PARKE-DAVIS 


An 
antihypertensive 
thats easy to 

live with 








for them, and for you. 


Lopressor 


metoprolol tartrate 


Does not interfere with sex life of 
patients. 


Lopressor usually does not cause 
impotence or loss of libido, 
complaints which many male patients 
encounter with sympathetic inhibitors, 
but which they may be reluctant to 
discuss with their physicians. 


Rarely causes daytime sedation or 
postural hypotension. 


Most of the side effects that have 
occurred with Lopressor are mild 

and transient. For example, tiredness 
and dizziness occur in about 10% of 
patients; depression, diarrhea in about 
5%. Lopressor is contraindicated in 
sinus bradycardia, heart block greater 
than first degree, cardiogenic shock, 
and overt heart failure. 


Easy to take twice-a-day dosage. 


Patients will also appreciate the 
easy-to-remember b.i.d. dosage of 
Lopressor. Since b.i.d. dosage is 
known to encourage patient 
adherence, this is another way that 
Lopressor improves your chances for 
long-term therapeutic success. 


Significantly reduces blood 
pressure when added to a diuretic. 


Lopressor caused a significant fall in 
blood pressure when given to 
patients already receiving a diuretic. 
Investigators reporting in the British 
Journal of Pharmacology concluded 
that “Metoprolol in combination with 
chlorthalidone appears to be an 
effective and well-tolerated treatment 
for mild and moderate hypertension 
in those patients not responding to 
chlorthalidone alone.''* 


..the relatively 
selective | 
beta blocker 
for hypertensior 


Treatment Period 


Placebo + 
chlorthalidone 


Metoprolol + 
chlorthalidone 








one month 
Systolic BP (mmHg) 
158+4 sup ne 142+4 
160+5 standing 14723 
Diastolic BP (mmHg) 
962 supine 87+ 
102+2 standing 94+1 
two months 
Systolic BP (mmHg) 
159+4 supine 146+4 
159+4 standing 147+4 
Diastolic BP (mmHg) 
96:52 supine 89-1 
101-2 standing 95-1 





three months 
Systolic BP (mmHg) 


158-55 supine 148-3 
1594 standing 149+3 
Diastolic BP(mmHg) 
97+2 supine 87+1 
101+2 standing 93+1 


Works primarily where it should... 
not where it shouldn't. 


Lopressor is the only relatively 
selective beta blocker available in 
the United States. Unlike the first 
generation beta blocker, propranolol, 
which is nonselective, Lopressor 
has a preferential effect on beta 
receptors involvec in lowering blood 
pressure. It has less effect on beta 
receptors that do not relate to 
antihypertensive mechanisms. 


Please see last page of this 
advertisement for brief summary 
of prescribing information. 


*Jaattela A, Pyörälä K A controlled study on 
the antihypertensive effect of a new B- 
adrenergic receptor blocking drug, meto- 
prolol, in combination with chlorthalidone 
Br J Pharmacol 3:655-660, 1976 

















The relatively 
selective 

beta blocker 

for hypertension. 


Lopressor 
metoprolol tartrate 





Lopressor™ 
brand of 
metoprolol tartrate 


An antihypertensive 
beta-blocking agent 


Indications Lopressor, brard of metoprolol tartrate, 
is indicated in the management of hypertension. It 
may be used alone or in combination with other 
antihypertensive agents, esoecially thiazide-type 
diuretics 

Contraindications Lopressor, brand of metoprolol 
tartrate, is contraindicated in sinus bradycardia 
heart block greater than first degree, cardiogenic 
shock, and overt cardiac fai ure (see Warnings) 


Warnings Cardiac Failure: Sympathetic stimula- 
tion is a vital component supporting circulatory 
function in congestive heart failure, and beta block- 
ade carries the potential hazard of further depress- 
ing myocardial contractility and precipitating more 
severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and 
diuretics, Lopressor, brand of metoprolol tartrate 
should be administered cautiously. Both digitalis 
and metoprolol slow AV conduction 


In Patients Without a History of Cardiac Failure 
continued depression of the myocardium with 
beta-blocking agents over a period of time can, in 
some cases, lead to cardiac failure. At the first sign 
or symptom of impending cardiac failure, patients 
should be fully digitalized and/or be given a 
diuretic, and the response observed closely. If car- 
diac failure continues, despite adequate digitaliza- 
tion and diuretic, Lopressor. brand of metoprolol 
tartrate, therapy should be withdrawn 

Ischemic Heart Disease: Following abrupt cessa- 
tion of therapy with certain beta-blocking agents, 
exacerbations of angina pectoris and, in some 
cases, myocardial infarctior have been reported 
Even in the absence of over: angina pectoris, when 
discontinuing therapy. Lopressor, brand of meto- 
prolol tartrate, should not be withdrawn abruptly, 
and patients should be cautioned against interrup- 
tion of therapy without the physician's advice 





Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD IN 
GENERAL NOT RECEIVE BETA BLOCKERS. 
Because of its relative beta, selectivity, how- 
ever, Lopressor, brand of metoprolol tartrate, 
may be used with caution in patients with bron- 
chospastic disease who do not respond to, or 
cannot tolerate, other antihypertensive treat- 
ment. Since beta, selectivity is not absolute, a 
beta, -stimulating agent should be administered 
concomitantly and the lowest possible dose of 
metoprolol should be used. It may be prudent 
initially to administer metoprolol in three doses 
daily, instead of two, to avoid the higher plasma 
levels associated with the longer dosing inter- 
val. (See Dosage and Administration.) 


Major Surgery: The necessity or desirability of 
withdrawal of beta-blocking therapy prior to major 
surgery is controversial. It should be noted, how- 
ever, that the impaired ability of the heart to respond 
to reflex adrenergic stimuli may augment the risks 
of general anesthesia and surgical procedures 
Metoproiol, like other beta blockers, is a competi- 
tive inhibitor of beta-receptor agonists and its ef- 
fects can be reversed by administration of such 
agents, e.g., dobutamine or isoproterenol. How- 
ever, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining tne heart beat has also been reported 
with beta blockers 


Diabetes Mellitus: Beta-adrenergic blockade may 
mask symptoms of hypoglycemia (e.g., tachycar- 
dia) and may potentiate insulin-induced hypo- 
glycemia. Lopressor, brand of metoprolol tartrate 
should therefore be used with caution in diabetic 
patients, especially those with labile diabetes 


Thyrotoxicosis: Beta-adrenergic blockade may 
mask certain clinical signs (e.g., tachycardia) of 
hyperthyroidism. Patients suspected of developing 
thyrotoxicosis should be managed carefully to 
avoid abrupt withdrawal of beta blockade which 
might precipitate a thyroid storm 

Precautions Impaired Hepatic or Renal Func- 


tion: The drug shoulc be used with caution in pa- 
tients with impaired hepatic or renal function 








Drug Interactions: Catecholamine-depleting 
drugs (e.g.. reserpine) may have an additive effec: 
when given with beta-blocking agents. Patients 
treated with Lopressor, brand of metoprolol tartrate 
plus a catecholamine depletor should therefore be 
closely observed for evidence of hypotension 
and/or marked bradycardia which may produce 
vertigo, syncope, or postural hypotension 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was no evidence of drug- 
induced toxicity at or below oral doses of 105 
mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. Tne only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration 


Usage in Pregnancy: Reproduction studies in 
animals did not revea’ any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women 
Lopressor, brand of metoprolo! tartrate, should be 
used in pregnant women only when clearly needed 


Nursing Mothers: |! is not known whether this drug 
is excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol 


Usage in Children: Sa'ety and effectiveness in 
children have not been established 


st 
Adverse Reactions Most adverse effects have 
been mild and transient 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients 
Headache, nightmares, and insomnia nave also 
been reported but drug relationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities, Raynaud's disease, 
palpitations and congestive heart failure have beer 
reported. See Contraindications, Warnings, and 
Precautions. 


Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See 
Warnings. 

Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation, 
flatulence, and heartburn have been reported in 10 
100 or less 

Allergic: Pruritus has occurred in less than 1 of 100 
patients 

Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients 


The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor, brand of metoprolol tartrate, 
during investigational use and foreign marketing 
experience 


Potential Adverse Effects: In addition a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol. 

Central Nervous System: Reversible mental de- 
pression progressing to catatonia; visual distur- 
bances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, | 
slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics 
Cardiovascular: Intensification of AV block (see 
Contraindications) 


Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura 
Allergic: Erythematous rash. fever combined with 
aching and sore throat, laryngospasm and respira 
tory distress 


Miscel'aneous: Reversible alopecia 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase 


Dosage and Administration Dosage of Lopresso 
brand of metoprolol tartrate. should be indi- 
vidualized. The usual initial dose is 50 mg twice 
daily whether used alone or added to a diuretic 
The dosage may be increased at weekly (or longe 
intervals until optimum blood pressure reduction i 
achieved. In general, the maximum effect of any 
given dosage level will be apparent after one weel 
of therapy. Usual maintenance dosage is approx- 
imately 100 mg twice a day. with a range of 100 to 
450 mg per day. Dosages above 450 mg per day 
have not been studied. While twice-daily dosing i 
effective and can maintain a reduction in blood 
pressure throughout the day, some patients, espe 
cially when lower dosages are used, will experi- 
ence a modest rise in blood pressure toward the 
end of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained througho 
the day. If control is not adequate, a larger dose 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor, brand of metoprolol tartrate, is 
increased 


This drug should be stored at controlled room te 
perature and protected from moisture 

How Supplied Tablets of 50 mg (capsule-shaped 
scored, light red, film-coated) and 100 mg 
(capsule-shaped. scored, light blue, film-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100 

Store at controlled room temperature and protect 
from moisture 
PRINTED IN U.S.A 
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Are physical or psychologic stressors more useful for evalualing psy- 
chologic stress in patients with coronary heart disease? To evaluate this 
question, patients underwent physical and psychologic testing 7 weeks 
after myocardial infarction. The psychologic stress test consisted of an 
open-ended interview, a videotape depicting stressful scenes and a puzzle 
task. in 20 men whose mean age + standard deviation was 52 + 1 years, 
the interview produced the following peak heart rate and systolic blood. — 
pressure responses: 83 + 18 beats/min and 140 + 13 mm Hg, which were . 
8 and 10 percent, respectively, above values at rest (P «0.05). Symp- 
tom-limited treadmill exercise testing in 10 of these patients elicited 
maximal heart rate and systolic blood pressure values of 152 + 24 
beats/min and 172 + 32 mm Hg, respectively; ischemic S-T segment 
depression or angina pectoris occurred in 6 of the 10 patients, whereas 
none had demonstrated ischemia with psychologic testing. A second 
consecutive series of 20 patients demonstrated cardiovascular responses _ 
to physical and psychologic stress similar to those of the first series. Again, _ 
ischemic abnormalities were absent during psychologic stress, whereas _ 
exercise-induced ischemic abnormalities were noted in 3 of 20 patients. 
ischemic abnormalities are unlikely to appear during psychologic: stress 
testing in patients with a high heart rate and systolic blood pressure - 
threshold for ischemic abnormalities during exercise testing. Standard - 
methods of physical exercise testing are superior to currently available _ 
psychologic stress tests for evaluating the cardiovascular response to 


most commonly encountered psychologic stressors. 


Exercise testing is increasingly used to evaluate prognosis and to es- 
tablish guidelines for resumption of physical and sexual activity after 
myocardial infarction.!-? However, even in patients free of effort-induced 
ischemic abnormalities, there is concern that exposure to psychologic 
stress may precipitate subsequent coronary events.5? A psychologic _ 
stress test capable of safely and reliably eliciting significant cardiovas- - 


cular abnormalities would appear to be useful in evaluating the readiness 


of patients to resume "stressful" activities after infarction, especially 
if such testing elicited abnormalities that were not disclosed by standard 
techniques such as exercise testing and ambulatory electrocardiogra- 


phy. 


Schiffer et al reported that a psychologic stress “quiz electrocardi- 


ogram" elicited ischemic S-T segment abnormalities in patients with .. 


angina pectoris. However, in their patients, the prevalence of ischemic 
S-T segment abnormalities was greater with the physical stress of ex- 
ercise testing than with psychologie stress testing. Hence, itisnotclear - 
that psychologie stress testing provides a sufficient yield of independent. = 


information to be clinically useful. 


We designed this study to answer the following questions: (1) Which - 
forms of psychologic stress testing are most useful in eliciting a significant. 
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cardiovascular response soon after myocardial infarc- 
tion? (2) What is the relative utility of treadmill testing 
and psychologic stress testing in eliciting a significant 
cardiovascular response and in disclosing cardiovascular 
abnormalities in patients recovering from myocardial 
infarction? 


Methods 


Study patients: The patients were participants in a long- 
term follow-up study of recovery from myocardial infarction. 
All had performed treadmill exercise testing 3 weeks after 
infarction, Patients were considered eligible to perform this 

test if they were aged 70 years or less and had no clinical heart 
failure or unstable angina pectoris 3 weeks after infarction. 
All patients were employed at the time of infarction. Three- 
quarters described their work as “professional, managerial, 
sales,” 15 percent. as “clerical, craftsman” and 10 percent as 
manual labor. No formal exercise training or psychologic 
counseling was provided to patients during the study period. 
No patient declined to undergo psychologic testing. 

Twenty consecutive patients participated in the first 
phase of this study (Experiment I) 7 weeks after infarction. 
This phase was designed to compare the cardiovascular effects 
of treadmill testing and psychologic stress testing. The mean 
age (+ standard deviation) of these patients was 52 + 1 years. 
The myocardial infarction was anterior in 5 patients, inferior 
in 14 and nontransmural in 1 patient. Cardiac medications 
were quinidine, 400 mg/day (1 patient); propranolol, 80 
mg/day (2 patients) and quinidine, 800 mg/day plus pro- 
pranolel, 80 mg/day (1 patient). 

The next 20 consecutive patients participated in the sec- 
ond phase of this study (Experiment II) 7 weeks after in- 
farction. This phase was designed to provide a more stan- 
dardized psychologic stress. The mean age of these patients 
was 54 + 1 years. The myocardial infarction was anterior in 
7 patients, posterior in 11 and nontransmural in 2. Cardiac 
medications were procainamide, 1 g/day (1 patient) and 2 
g/day (1 patient) and propranolol, 80 mg/day (1 patient). 

Psychologic tests: All subjects completed a battery of 
psychologic tests designed to reflect problems commonly 
encountered after myocardial infarction. The tests consisted 
of the Zung or Beck Depression Scales,’ the State-Trait 
Anxiety Inventory,’ the Profile of Mood States? and the 
Cardiac Adjustment Scale.!? The first three tests were de- 
signed to measure various moods including depression and 


TABLE | 


Order of Psychologic Stress Test Procedures, Experiments 
| and il 





Time (min) 
i15 20 25 30 35 40 45 50 55 60 





0 5 10 





Experiment I 














B = baseline; | = interview; P4, P» = puzzle 1, puzzle 2; RP, Ro = 
1st, 2nd relaxation period; V = videotape. 


anxiety. The fourth test has been developed to reflect.overal 
adjustment to myocardial infarction. 

After completion of the psychologic tests, the subjects wen 
to an examination room, 10 feet by 10 feet, where « blooc 
pressure cuff and electrocardiographic leads were applied 
Electrocardiographic recordings were made on a Physiegraph 
projector model type PMP-4A, E & M Instrument Company 
Blood pressure was recorded by an Arteriosonde (Roche mode 
1216) automatic blood pressure measuring device. During the 
entire stress test, electrocardiographic rhythm strips wer 
recorded during the last 6 seconds of every minute and blooc 
pressure was recorded during the middle of each minute 
Leads V4 to Vg of the electrocardiogram were monitered or 
an oscilloscope during the entire experiment. The psychologic 
stress test of Experiment I had five components. The ordei 
of these components was varied to control for possible se- 
quence effects, as depicted in Table I. 

Baseline (5 minutes): During this period patients were 
asked to sit quietly in an armchair. No stressful stimu i were 
presented and no specific instructions for relaxatiom were 
given. 

Interview (20 to 30 minutes): The interview consisted of 
a series of standardized questions designed to probe areas of 
potential concern to postinfarction patients. Althouzh the 
questions were standardized, the length of each interview 
varied, depending on the content and depth of the su5ject's 
responses. Topics included effects of myocardial inferction 
on the patient's prospects for the future, including job and 
financial status, sex life and physical capabilities. All inter- 
views were conducted by the same person, a clinical psychol- 
ogist. 

Videotape (15 minutes): The videotape consisted o? three 
potentially stressful scenes: a man having a heart attack and 
being rushed to the hospital in an ambulance, a child suffo- 
cating and a young couple having explicit sex. 

Puzzle (5 minutes): Patients were asked to assemble a 
geometric puzzle within 3 minutes. The task was presented 
as simple, although few persons could complete it in 3 minutes. 
Elapsed time was called out periodically and the interviewer 
made time-pressure remarks while the subject worked. 

Relaxation training: After completion of two of the pre- 
ceding three procedures (interview, videotape, puzzle), the 
patients were instructed in a relaxation technique. While 
sitting quietly, they were given a series of relaxation exercises 
based on Jacobson’s deep muscle relaxation technique. In- 
structions were prerecorded on an audiotape and consisted 
of training in muscle tension and relaxation followed by deep 
breathing and repetition of a word or phrase. Relaxation 
training required 10 minutes. After the last of the three 
stressors, a 5 minute period of relaxation was provided. 

Because cardiovascular responses to the videotape were less 
than to the puzzle and because videotapes have been shown 
to have adverse psychologic effects,! the videotape was elim- 
inated from Experiment II (Table I). In addition, the puzzle 
task was extended to determine whether greater exposure to 
this stressor would evoke a greater cardiovascular response. 
Four puzzle completion tasks were taken from the Wechsler | 
Adult Intelligence Scale test. Patients were given a limited 
time (3 minutes) to complete each of the puzzles. The inter- 
view was abbreviated and standardized. The experimenter, 
a graduate student in psychology, presented a list of questions 
in a matter-of-fact way without attempting to pursue topics 
that appeared to be particularly troublesome to the patient. 
The order of presentation was again randomly varied to con- 
trol for sequence effects, and relaxation was performed only 
after both stressors had been presented. All patients were 
carefully debriefed after the psychologic stress tests to alle- 
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- Cardiovascular Responses to Psychologic Stress Testing (mean + standard deviation) 
Experiment 1 
: Base- inter- Video 
: line view Tape R4 Puzzle Ro 
ce Max HR 78 à 13 83 + 18t 83 + 137 81 X 18 84 + 187 76 X 13 
Max SBP 127413 140 + 137 135 + 13! 130 d 13 137 + 13! 128 t9 
a _ Max DBP 88+ 13 105 + 9* 99 + 13! 924 13 100 + 187 9249 
Max EET 95 + 18 113 à 227 108 + 18! 100 + 22 112 + 227 95 +18 
Mean HR 74i 13 77 + 13* 74 X 13 78 X 13 81+ 187 72 d: 18 
Mean SBP 12149 132 + 9f 128 & 9t 1229 133 + gt i123 9 
Mean DBP 834-9 ~- 92x 9f 88 + 9* 8549 92 4 13! 86 X 13 
Mean iit 79+ 18 101 + 18! 94 4 18° 89 + 22 107 + 221 90 4: 18 
Experiment ll 
Base- inter- 
n n tine view Puzzle, Puzzle; Ry 
a Max HR. 83 + 13 88 + 137 86 X 137 90 + 18* 82.13 
i Max SBP 123 + 13 134+ 131 128 X 13 135 + 13! 126 £ 13 
Max DBP 8449 95 + 137 89 + 13 98 + 137 91-413 
m 100 + 22 113 + 22t 107 + 22 116 + 18! 99 4 18 
Mean HR 80 + 13 79413 81+ 13* 83 + 13t 76 X 13 
Mean SBP 120 + 13 122 + 13 121 £ 13 12149 117 9 
Mean DBP 8149 84+ 13 84 d 13 8329 B0: 9 
Mean T 99+ 18 97+ 18 99 i 18 100 + 18 89 +-18 





* P «0.05 compared with baseline value; | P <0.005 compared with baseline value. 3 
DBP = diastolic blood pressure (mm Hg); HR = heart rate (beats/min); max = maximal; R, and Rz = relaxation period 1 and 2, respectively; : 


SBP = systolic blood pressure (mm Hg). 


viate any concerns they may have had and to ascertain 
whether they experienced any adverse effects from the pro- 
cedures. 

Exercise testing: After psychologic stress testing, patients 
underwent symptom-limited treadmill exercise testing, uti- 
lizing a combination of Naughton and Balke protocols.!? Tests 
were stopped because of 1) limiting symptoms of angina, 
dyspnea, fatigue, 2) a decrease in systolic blood pressure 
greater than 10 mm Hg from the peak value noted earlier 
during exercise, or 3) the appearance of ventricular tachy- 
~ eardia. Ischemic S- T segment depression alone was not an end 
- point. Ischemic S-T segment abnormality was defined as flat 
or downsloping depression of 0.1 mv or more below the P-R 
segment 0.08 second after the J point. 


Results 


Cardiovascular responses to psychologic testing: 
| The levels of anxiety or depression indicated on the 
Zung, Beck, Spielberger or Profile of Mood States were 
not significantly different from those of normal popu- 
lations. Detailed reports of the psychologic test results 
“will be reported elsewhere. 

Maximal and mean values for heart rate, systolic and 
diastolic blood pressure and heart rate-systolic blood 
; pressure product (“double product”) increased signif- 
icantly from the baseline value during the interview and 
puzzle phases of Experiment I (Table II, Fig. 1). Lesser 
increases were noted for the responses to the videotape, 
| although all responses to this stress except that of mean 
| heart rate were statistically significant. Both relaxation 
| periods lowered cardiovascular variables to baseline - 
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values. The patients described the videotape, puzzle and 
interview as only “mildly” upsetting, and none reported 
any adverse effects. Although the heart rate and systolic 

blood pressure responses of patients in Experiment IT. ^ 
exceeded those of patients in Experiment I, there were. 
no significant differences in mean or maximal heart rate _ 





A MAX HR 


O MEAN HR 
90 


t t 
t 
ds jr. m E 


* peats 
t p«.005 


HEART RATE beats/min 





1 2 3 4 5 6 
BASELINE INTERVIEW VIDEOTAPE RELAX? PUZZLE RELAX 2 .. 
PROCEDURE 


FIGURE 1. Heart: rate’ (HR) response to psychologic stress esting 2 
(Experiment ». Values are expressed as mean + standard error ofthe - 
mean. MAX = maximal; p = probability; RELAX 1 and RELAX 2= first. 
and second relaxation periods, respectively. 
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responses during the most stressful procedure per- 
formed by each of these two groups. The prolonged 

puzzle task of Experiment II produced slightly greater 
_ changes in heart rate, blood pressure and double prod- 
. uct than the shorter puzzle of Experiment I (Table II, 
Fig. 2). The structured interview of Experiment II 
. produced a slightly lesser cardiovascular response than 
did the open-ended interview of Experiment I. Neither 
ischemic S-T segment depression nor angina pectoris 
was noted with psychologic stress testing in Experiment 
I or Experiment IL. 

Cardiovascular response to treadmill exercise: 
All 20 patients in Experiment I had a treadmill exercise 
test 3 weeks after infarction. The last half of this group 
underwent repeat treadmill exercise testing at 7 weeks. 
The treadmill performance at 3 weeks was not signifi- 
cantly different in those who subsequently had a 7 week 
test and those who did not. The mean maximal heart 
rate was 133 + 12 beats/min, mean maximal systolic 
pressure 171 + 16 mm Hg and mean maximal workload 
5.9 + L5 METS (multiples of estimated resting meta- 
bolic requirement). 

Treadmill exercise testing was performed 7 weeks 
after infarction by the last 10 patients participating 
in Experiment I. These patients demonstrated a mean 
maximal heart rate of 152 + 33 beats/min, mean maxi- 
mal systolic blood pressure of 172 + 44 mm Hg and a 
mean maximal work load of 8.3 + 2.2 METs. Exercise- 
induced ischemic S-T segment depression appeared in 
6 of 10 patients, 2 of whom experienced angina pectoris. 
"Complex" ventricular ectopic activity (bigeminy, 
couplets or four or more ventricular premature com- 
plexes/min) was noted in four patients. 

The 20 patients participating in Experiment II who 
underwent treadmill exercise testing 7 weehs after 


A MAX HR 
O MEAN HR 


90 


85 


80 


75 


HEART RATE beats/min 


70 





1 2 4 5 7 
BASELINE INTERVIEW RELAXATION PUZZLE 1 PUZZLE 2 
PROCEDURE 


FIGURE 2. Heart rate (HR) response to psychologic stress testing 
(Experiment II). Abbreviations as in Figure 1. 


infarction had a mean maximal heart rate of 148 + 16 
beats/min, mean maximal systolic blood pressure of 173 
+ 21 mm Hg and mean maximal work load of 9.1 + 2.1 - 
METs. Ischemic S-T segment abnormality was noted 
in three patients, simple ventricular ectopic activity in 
four patients and complex ventricular ectopic activity 
in three patients. Thus, heart rate and blood pressure 
responses to treadmill exercise were similar, but pa- 
tients in Experiment I tended to show a greater preva- 
lence of exercise-induced ischemic S-T segment de- 
pression and ventricular ectopic activity than patients 
in Experiment II. 

Comparison of cardiovascular responses to psy- 
chologic and physical stress: Cardiovascular values 
recorded during psychologic stress were substantially 
lower than those noted during treadmill exercise testing 
(P «0.001) (Table III). Heart rate and systolic blood 
pressure responses at the onset of ischemic S-T segment 
depression were substantially greater during treadmill 
exercise than during psychologic stress testing (Table 
IV). 


Discussion 


The goal of psychologic stress testing in postinfarc- 
tion patients is the safe and reliable demonstration of 
cardiovascular abnormalities that are predictive of 
subsequent coronary events. As a first step toward this 
goal, we sought to develop a simple method for eliciting 
a significant cardiovascular response in a group of pa- 
tients who had recently experienced a myocardial in- 
farction. We presented stimuli that would be expected 
to elicit a significant cardiovascular response, whether 
or not the stimuli were typical of those that might be 
encountered under usual circumstances. Although our 
patients demonstrated statistically significant increases 
in heart rate, blood pressure and heart rate-systolic 
pressure product in response to psychologic stress 
procedures, no ischemic S-T segment abnormalities or 
cardiac symptoms were noted, although they were found 
in 9 of the 30 patients undergoing exercise testing. This 
disparity in the diagnostic yield of the two methods is 
not surprising because the “threshold” of heart rate and 
systolic blood pressure at the onset of ischemic S-T 
segment depression or angina pectoris with treadmill 
exercise was substantially higher than the peak values 
noted during psychologic stress testing. Similarly, only 
two of our nine patients with ischemic S- T segment 
depression manifested this abnormality at or below the 
peak double product of 176 observed in Schiffer's nor- 
motensive patients.$ 

Ischemie responses to psychologie versus exer- 
cise testing: The heart rate-systolic pressure product 
is an important hemodynamic accompaniment of 
ischemic abnormalities in patients with chronic isch- 
emic heart disease. Robinson!? noted a reproducible 
heart rate and systolic blood pressure at which angina 
pectoris occurred in response to physical effort and 
psychologic stress within the laboratory. Littler et al.14 
extended these observations to men undergoing am- 
bulatory electrocardiography outside the laboratory. 
Gobel et al.!5 recently demonstrated that heart rate 
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correlates well with coronary blood flow and myocardial 
oxygen consumption in patients with angina pectoris 


<- and ischemic S-T segment depression. 


Thus, the ability of psychologic or physical tests to 


-elicit ischemic abnormalities reflects their capacity to 


—. produce an imbalance between oxygen supply and de- 
“Mand in a given patient. Psychologic stress testing did 


— not elicit such a response in our patients. The magni- 


* tude of cardiovascular responses to stress noted in our 





patients and in other studies! is similar to that noted 
by Schiffer et al.,9 who administered a quiz electrocar- 
diogram consisting of a 20 minute tape-recorded series 
of questions to 20 patients with a history of angina 
pectoris. Although these investigators noted a good 
correlation between the extent of ischemic S-T segment 
depression induced by quiz electrocardiography and by 
submaximal bicycle exercise, the prevalence of ischemic 
S-T segment abnormalities and angina pectoris was 
substantially greater with bicycle exercise testing than 
with psychologic stress testing. Schiffer et al. did not 
indicate the heart rates and systolic blood pressures at 
which S-T segment depression and angina pectoris 


© appeared in their patients. Thus, it appears that the 


greater yield of ischemic abnormalities with psychologic 
stress testing noted by Schiffer et al. primarily reflects 
a greater extent of disease than was evident in our pa- 
tients: Their patients were selected because of a history 
of angina pectoris, whereas angina was present in only 
8 of our 30 patients, even with the stress of treadmill 
exercise. 

The extent of cardiovascular changes produced by the 
stressful stimuli in our study was similar to that re- 
ported by investigators using similar stimuli.!9!7 Hence, 
itis unlikely that modification of our stress test would 
have greatly altered the outcome in our patients. More 
extreme stressors such as parachute jumps,!? prolonged 
and intensive interviews,!? sensory stimulation and 
isolation and fatigue situations?? have been used to elicit 
stress. Although these stressors elicit substantial car- 
diovascular changes, they are neither feasible nor ap- 
propriate in the evaluation of patients with chronic 
ischemic heart disease. 

Standardized laboratory stress tests do not replicate 
an individual subject's response to the multitude of 
environmental stressors that may elicit a major car- 
diovascular response. On the other hand, the use of se- 
vere laboratory stressors such as prolonged fatigue is 


TABLE Ill 


Peak Cardiovascular Responses to Psychologic Stress and 
Treadmill Exercise (mean + standard deviation) 














Experiment I Experiment il 
Peak Puzzle Treadmill Puzzle Treadmill 
Response (no. = 10) {no. = 10) (no. = 20) (no. = 20) 
HR 9349 152 + 8 86 3 14845 
SBP 127 +14 172 + 10 12843 17347 
Y 117420 265423 10745 255415 





HR = heart rate (beats/min); SBP = systolic blood pressure. 
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neither practical nor ethically justifiable in a clinical | 
setting. 

Response to exercise stress testing as a measure. 
of response to psychologie stress: Measurement of J 
the cardiovascular tolerance for psychologic stress is ^ 
usually considered in the context of a psychologic 
stimulus eliciting a cardiovascular response. A major 
shortcoming of this approach is the difficulty of pre- 
senting a psychologic stimulus that is sufficiently 
powerful to pose a significant challenge to the cardio- 
vascular system—one that might provide a reliable 
measure of the heart’s respense to severe psychologic 
stress. However, in another approach to this problem, 
one can consider the cardiovascular response to a severe 
physical challenge without attempting to provide a. 
psychologic stimulus. The absence of significant car- 
diovascular abnormalities during symptom-limited 
exercise testing, for example, would provide some as- 
surance that other challenges to the cardiovascular - 
system including psychologie stress would likewise not — 
elicit major cardiovascular abnormalities. The impor- 
tant observations of Robinson!? and Littler et al.!^are - 
pertinent to this question: These investigators noted ` 
that angina pectoris tended to occur at a similar heart. 
rate in response to psychologic as well as to physical- 
stress. If the same were true for ischemic S-T segment 
depression, then psychologic stress testing could be 
obviated in favor of more standardized and familiar 
forms of exercise testing. In fact, exercise testing has 
long been used to provide guidelines for cardiac patients . 
to engage in sexual intercourse, an activity in which. 
psychologic factors may play a large part in the car- 
diovascular response.??! Hellerstein and Friedman? 
observed that the mean maximal heart rate during in- -< 
tercourse was approximately 118 beats/min, repre- 
senting an energy expenditure of only 60 percent of 
maximal oxygen consumption. Patients capable of 
completing a double Master test usually experience no > 
significant cardiovascular limitation during sexual in- 
tercourse. On the other hand, most coital deaths appear 











TABLE iV 


Cardiovascular Responses in Patients With Exercise- 
induced Myocardial Ischemia 








Patient HR SBP  HR-SBP/ 
Age at at 100 Max 
Exp — (y) ST} STi at STi STi Angina 
i 51 150 166 249 —0.15 No 
I 57 130 140 182 —0.10 No 
i 55 150 196 294 —0.10 No 
l 56 165 174 287 —0.10 No 
| 52 110 135 149 —0.20 Yes 
| 55 110 168 185 —0.50 Yes 
ü 56 130 144 187 —0.20 Yes 
i 62 160 110 176 —0.10 No 
ii 59 135 176 238 —0.20 No 


Mean 56 138 157 216 0.17 
+SD +4 i20 +426 +52 + 6.13 
Exp = experiment; HR = heart rate; max = maximal; SBP = systolic 3 


blood pressure (mm Hg); SD = standard deviation; ST, = ischemic S-T 
segment depression (mv). : 
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to occur during extramarital sexual activity.22 This 
suggests that psychologic factors that cannot be simu- 
lated by physical work tasks may be of great significance 
apart from the physical stress of intercourse with a 
married partner. Similarly, patients with good tolerance 
for physical exercise may experience angina pectoris 
predominantly or exclusively with psychologic stress. 
The mechanisms responsible for this disparity are not 
well understood. 

Implications: Although a physical stress does not 
simulate psychologic stress, it appears to provide a 
useful measure of the cardiovascular response that 
would be elicited by most but not all physical and psy- 
chologie stressors. The absence of significant cardio- 
vascular abnormalities with treadmill exercise testing 
does not exclude the existence of significant myocardial 


ischemia and its clinical consequences during severe 
psychologic stress. Like any laboratory test, exercise 
testing is not perfect. However, it does appear superior 
to currently available psychologic stress tests designed 
to elicit significant ischemic abnormalities, especially 
in patients with good exercise tolerance. Moreover, ei- 
ther physical or psychologic stress testing appears to 
provide a more rational basis for counseling patients 
with respect to psychologic stress than does the vague 
and anxiety-provoking advice often given to patients 
after infarction that they should “take it easy.” 
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His bundle and right ventricular apical electrograms were recorded in _ 
18 patients with acute transmural myocardial infarction in whom catheter — 
insertion was considered necessary for clinical reasons. The V-RVA and - 
H-V intervals were of normal duration (5 to 30 and 35 to 55 msec, re- 
spectively) in five patients (Group 1) with persistently narrow (less than: - 
100 msec) QRS complexes. In contrast, 13 patients (Group 2) who | 
manifested a complete" right bundle branch block pattern within 96 hours _ 
after admission had prolonged V-RVA intervals (range 50 to 80 msec, 
mean 59.2 msec) and H-V intervals that were at the upper limits of normal 
or prolonged (range 55 to 90 msec, mean 63 msec). in 6 of these 13pa- _ 
tients, the duration of the V-RVA interval became normal when the . 
“complete” right bundle branch block pattern disappeared and was re- 
placed by a “complete” left bundle branch block pattern in three patients — 
and by narrow QRS complexes in the three cther patients. : 

This study showed that transmural myocardial infarction in itself did 
not increase the duration of the V-RVA interval even when “complete” — 
left bundle branch block was present. Moreover, a prolonged V-RVA in- 
terval coexisting with a “complete” right bundle branch block pattern was 
not due to distal right bundle branch block but resulted from a conduction 
disturbance located in the proximal portions of the right bundle, or perhaps, 
even within the His bundle itself. 


Intracavitary electrograms have been used to analyze the arrival of ex- 
citation in various ventricular sites and to determine the level (proximal, - 
distal or terminal) of conduction disturbanee within the right bundle 
branch in otherwise normal persons, as well as in patients with chronic 
conduction system disease or surgically corrected (or noncorrected) : 
congenital cardiac malformations.'-? Such studies have not been per- 
formed in the acute phase of myocardial infarction. Therefore, it ap- 
peared of interest to evaluate the information obtained from recording 


filtered intracardiac electrograms while placing temporary catheter ^ D 


electrodes for prophylactic demand pacing in patients with acute myo-- - 
cardial infarction. i 


Methods 


Patients: The study population consisted of 18 patients with an acute 
transmural myocardial infarction who were admitted with narrow (less than 100^ 
msec) ventricular complexes. Five patients (Group 1) had persistently narrow _ 
QRS complexes. Thirteen patients (Group 2) manifested a transient or persistent. - 
electrocardiographic pattern of “complete” right bundle branch block while 
under observation in the coronary care unit. All £8 patients had clinical, labo- 
ratory and electrocardiographic evidence of evolving transmural myocardial. 
infarction. Their ages ranged between 32 and 82 years (mean 60.5 years, Tablés 
land ID); 15 were men and 3 were women. 

Electrocardiographic location of the myocardial infarction was based on the 
leads in which the abnormal Q waves subsequent!y appeared (Tables | and IT. 
The surface electrocardiographic pattern of “complete” right bundle branch. 
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TABLE | 
Group 1: intervals Measured in Patients With Persistently 
Narrow (100 msec or less) QRS Complexes 





Intervals (msec)* 








Case Age (yr) Site AH HV  V-RVA HAVA 
no.  &Sex ofMi (55-120) (35-55) (5-30) (40-85) 
1 53F AS 160 55 20 75 
2 61M IP AB 45 10 55 
3 72F i wW 50 15 65 
4 5M l Ww 45 20 65 
5 52M AS 105 55 15 60 





* Values in parentheses indicate normal range. 

AB = advanced A-H block; AS = anteroseptal; | = inferior; IP = in- 
feroposterior; MI = myocardial infarction; W = type | Wenckebach A-H 
block. 


block was diagnosed according to the criteria of the New 
York Heart Association.!9 

Catheter technique: Intracardiac recordings were per- 
formed coincidental with the placement of pacemaker cath- 
* eter electrodes for clinical indications in the coronary care unit 

4 at Jackson Memorial Hospital. In our institution, the docu- 
mented appearance of a "complete" right bundle branch block 
-pattern during acute transmural myocardial infarction is 
considered an indication for prophylactic transvenous demand 
pacing, even in the absence of manifest atrioventricular (A-V) 
conduction disturbances.!! The procedure was explained to 
the patient and his or her relatives, and written informed 
consent was obtained. (Additional charges were not made for 
"the recording of intracavitary electrograms, which were 
therefore performed without cost to the patient.) 

A tripolar catheter with proximal electrodes spaced 10 mm 
apart and distal electrodes 1 mm apart was introduced per- 
€utaneously through the right femoral vein using image- 
amplified fluoroscopy. It was temporarily positioned across 
the septal leaflet of the tricuspid valve to obtain a His bundle 
‘electrograms from the electrode pair separated by 10 mm. No 


TABLE It 





attempts were made to pace the atria or the His bundle during 
this part of the procedure. The catheter was then advanced 
into the right ventricular apex to record, first, a nonfiltered l 
unipolar electrocardiogram from the tip electrode and, second, 
a filtered bipolar electrogram from this endocardial site using 
the distal electrode pair separated by 1 mm.2-5 The position 
of the catheter electrodes at the right ventricular apex was 
confirmed fluoroscopically, as well as by the characteristics 
of the intracardiac unipolar electrogram and of the electrically 
or mechanically induced QRS complexes (abnormal superior 
and leftward axis orientation and negative deflections in lead 
V1). Radiotransparent gold electrodes (Concept, Ine., Clear- 
water, Florida) were used to record the chest unipolar lead V4 
electrocardiogram in six patients. Bipolar electrograms from 
the septal A-V region and right ventricular apex, filtered 40 
to 500 hertz and 400 to 500 hertz, respectively, were alterna- 
tively displayed together with three surface leads (I, II and Vj) 
on a multichannel photographic recorder (Electronics for 
Medicine DR-8). Paper speed was 100 mm/sec. After com- 
pletion of the procedure, the correspond:ng catheter terminals 
were connected to an external battery-operated demand 
pacemaker, and a portable posteroanterior X-ray film was 
obtained. Repeat filtered bipolar electrograms from the right 
ventricular apex were later recorded in some patients (Table 
Il) provided that a similar electrical location of the electrodes 
could be corroborated by X-ray film as well as by the features 
of the intracardiac and body surface electrocardiograms. 

Intervals: A vernier device with an aceuracy of +1 msec was 
used to measure intervals. Five measurements were then av- 
eraged and values rounded to the nearest 5 msec. The fol- 
lowing intervals were analyzed (figures in parentheses indicate 
normal values in our laboratory): 

A-H interval (55 to 120 msec), measured from onset of the 
atrial deflection to the beginning of the His deflection in the 
His bundle electrographic lead.1-5 

H-V interval (35-te 55.msec), measured from beginning of 
the His deflection to the earliest onset of the QRS complex in 
the surface leads. The latter were used to achieve consistency 
in measurement because the His bundle electrographic lead 


Group 2: Intervais Measured in Patients Manifesting a Pattern of “Complete” Right Bundle Branch Block 








Case Age {yr} Site A-H H-V 
no. & Sex of MI (55-120) (35-55) 
6 58F AS 140 55 
7 41M AL 120 65 
8 78M AS 95 60 
9 77M AL 130 90 
10 82M AS 110 60 
11 61M AS 105 55 
12 36M AS 110 55 
43 69M IP 95 60 
14 72M AS 85 65 
15 65M AL 80 55 
16 67M AL 115 60 
17 55M AS 110 70 
18 32M IP 105 70 
Range 80-140 55-90 
107.7 63 





* Values in parentheses indicate normal r. 


intervals (msec)* 











Repeat V-RVA 
CRBBB CRBBB 
V-RVA H-RVA Pattern Pattern 
(5-30) (40-85) Persisted Resolved 
55 110 60 
65 135 70 
50 110 hat 
80 170 75 
50 110 55 
55 110 55 
60 115 60 "e 
65 125 M 5 (Narrow QRS) 
65 130 5 (Narrow QRS) 
65 120 15 (CLBBB) 
50 110 5 (CLBBB) 
55 125 10 (CLBBB) 
55 125 ipa 15 (Narrow QRS) 
50-80 110-170 55-75 
59.2 122.6 vem 





AL = anterolateral: CLBBB = "complete" left bundle branch block; CRBBB = “complete” right bundle branch block. 
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.. FIGURE 1. Case 17. Twelve lead electrocardiogram 
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“trom a patient with acute anteroseptal myocardial in- 
farction with narrow QRS complexes (A), who later 
manifested wide ventricular complexes showing a 
"complete" right bundle branch block pattern (B), as well 
as a "complete" left bundle branch block pattern (C). 


was not available for analysis when electrograms from the 
right ventricular apex were recorded.!-? 

V-RVA interval (5 to 30 msec), measured from the begin- 
ning of the QRS complex in the surface leads to the onset of 
the filtered right ventricular apical electrogram.!-5? 

H-RVA interval (40 to 85 msec) was estimated by the sum 
of the separately measured H-V and V-RVA intervals. 


Results 


Electrocardiographic data: Group 1: Two patients 
had an anteroseptal myocardial infarction, two an in- 
ferior infarction and one an inferoposterior myocardial 
infarction. All five patients had persistently narrow 
QRS complexes. 

Group 2: Seven patients had an anteroseptal myo- 
cardial infarction, four an anterolateral myocardial 
infarction (Fig. 1 to 4) and two an inferoposterior 
myocardial infarction (Fig. 5 and 6). In all cases an 
electrocardiographic pattern of “complete” right bundle 
branch block occurred within 96 hours after admission. 
Although the two patients with an inferoposterior 
myocardial infarction had slurred S waves in leads I, 
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aVL and Ve, leads V; and Vs were not characteristic of - 
"complete" right bundle branch block because they 
showed almost invisible or absent initial (small) r waves 
(Fig. 5). In six patients the “complete” right bundle. 
branch block pattern disappeared while they were still 
in the unit. When this occurred the electrocardiogram © 
showed narrow QRS complexes in three patients (Fig... 
4 and 6) and a “complete” left bundle branch block 
pattern in the other three patients (Fig. 2). 

Electrophysiologic data: Group 1: The A-H interval 
was normal in one patient and prolonged in another 
(Table I). The remaining three patients had second 
degree (Wenckebach type? or "advanced" atrioven- 
tricular block occurring between the A and H deflec- 
tions. The H-V, H-RVA and V-RVA intervals were. 
normal in all patients. 





Group 2: 'The A-H interval was normal in 11 of 13 ec 


patients (range 80 to 140 msec, mean: 107.7 msec) 
(Table II). The H-V interval was at the upper limits of 
normal or prolonged in all 13 patients (range 55 to 90 © 
msec, mean 63 msec) (Fig. 2, 3 and 6). The V-RVA in- 





V—RVA:55 
500mser. 


FIGURE 2. Case 17. His bundle (H) electrograms and right ventricular apical (RVA) electrograms from the same patient as in Figure 1. The H-V and. 
V-RVA intervals were prolonged (70 and 55 msec, respectively) when the wide QRS complexes displayed a "complete" right bundle branch block 
(RBBB) pattern (left panel). in contrast, the V-RVA interval was of normal duration (10 msec) when the wide ventricular complexes. showed a 


“complete” left bundie branch block (LBBB) pattern (right panel). A = 
this and all subsequent figures, values are expressed in msec. 


= atrial deflection recorded by the His bundle electrographic. (HBE) lead. In 
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terval was prolonged in all 13 patients (range 50 to 80 
msec, mean 59.2 msec) (Fig. 2, 4 and 6). In addition, the 
|. H-RVA interval was prolonged (range 110 to 170 msec, 
. mean 122.6 msec) (Fig. 2 to 4 and 6). In seven patients 
_ With a persistent “complete” right bundle branch block 


— _ pattern, the duration of the repeat V-RVA interval was 


not significantly changed from the initial measure- 


c . ments. However, in the six patients in whom this pat- 


tern spontaneously resolved (three patients with narrow 


U -. QRS complexes and three with a “complete” left bundle 


branch block pattern), the duration of the V-RVA in- 
tervals had become normal (Fig. 2, 4 and 6). 
Mortality: Group 1: All five patients in this group 


survived and were transferred out of the coronary care 


unit with 1:1 A-V conduction and a normal P-R in- 


v. terval 


Group 2: Five patients manifested “advanced” A-V 
block, three of whom showed, before the occurrence of 


|... the A-V block, a rate-unrelated “complete” left bundle 


branch block pattern alternating with (or occurring 
after) the previous "complete" right bundle branch 
block pattern. Four of these five patients died in the unit 
(the three with bilateral bundle branch block and one 
with a "complete" right bundle branch block pattern 
-andan H-V interval of 80 msec). Two of the remaining 
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FIGURE 3. Case 14. His bundle electrograms from a 
patient with acute anteroseptal myocardial infarction. The 
H-V interval was prolonged (65 msec) when the QRS 
complexes were wide and displayed a "complete" right 
bundle branch block pattern. intervais between vertical 
lines 1,000 msec. Abbreviations as in Figure 2. 


eight patients died. In all, 6 of 13 patients in Group 2 
died in the coronary care unit. All deaths were due to 
pump failure. 


Discussion 


The normal V-RVA interval: Previous studies have 
shown that, in patients with narrow QRS complexes 
and normal His-Purkinje conduction time, the His-right 
ventricular apex (H-RVA) interval gives an estimate of 
conduction time through the His bundle, right bundle 
branch and that part of the ventricular muscle located 
between the site from which the impulse emerges from _ 
the right bundle branch and the apex of the right ven- 
tricle.? On the other hand, the H-V interval is a measure 
of the conduction time from His bundle to the onset of 
ventricular depolarization, wherever and by whichever 
route or routes it occurs. The V-RVA interval does not- 
represent conduction time from a specific ventricular 
site to the apex of the right ventricle, but simply reflects 
the elapsed time between the beginning of ventricular 
depolarization and activation of the right ventricular 
apex? 

Prolonged V-RVA interval in patients with a 
"complete" right bundle branch block pattern not 








: FIGURE 4. Case 14. Prolonged V-RVA interval (65 msec) recorded in the same patient as in Figure 3 when the wide ventricular complexes showed 


a complete right bundle branch block pattern (left panel). In contrast, the V-RVA interval had a normal duration (5 msec) when, subsequently, the 
QRS complexes became narrow (right panel). Intervals between vertical lines = 1,000 msec, Abbreviations as in Figure 2. 
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“FIGURE 5. Case 13. Twelve lead electrocardiograms 
-recorded before (A) and after (B) inferoposterior myo- 
cardial infarction. In B there was increased duration of 
the ventricular complexes with wide (terminal) deflections 

< in leads I, aVL and the left chest leads. However, scalar 
leads V4 and Vo show tall R waves with almost invisible 
initial small (r) waves that made these ventricular com- 
plexes not characteristic of "complete" right bundle 
branch block. 


due to myocardial infarction: When this pattern re- 
sults from total conduction block in the main trunk of 
the right bundle branch, the H-RVA interval includes 
the conduction time from His bundle to the left septal 
surface (H-V interval) as well as that from the left septal 
surface to the recording electrodes (V-RVA interval). 
Several studies have reported prolonged V-RVA and 
H-RVA intervals in some patients with a “complete” 
right bundle branch block pattern resulting from pri- 
mary conduction system disease or aberration of su- 
praventricular impulses.! 269.12 Concomitantly recorded 
H-V intervals have been normal or prolonged, the latter 
indicating the existence of an associated conduction 
delay in the left bundle branch or within the His bundle 
itself. 

The normal V-RVA interval in patients with a 
“complete” right bundle branch block pattern: The 
reverse of this situation, namely, a “complete” right 
bundle branch block pattern coexisting with normal 
V-RVA and normal H-V and H-RVA intervals, has 
been considered to indicate that the conduction dis- 
turbance occurs beyond the main trunk of the right 
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FIGURE 6. Case 13. Prolongation of the H-V and V-RVA intervals (60 and 65 msec, 
the ORS complexes were wide and had predominantly positive deflections 
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bundle branch, *9.13-15 distally at the level of the mod- 
erator band or terminally at the level of the Purkinje — 
fibers? or both. The latter conduction disturbances — . 


have been reported in some patients with atrial septal 


defect or after open heart surgery performed to correct. _ : 


certain congenital intracardiac malformations,.4513-15 - 
A normal V-RVA interval can be seen in some patients. 


with conduction disturbances within the main trunk of. — 
the right bundle branch. Yet, for this to occur the — 
H-RVA interval, although prolonged, should be only 


slightly longer than the (also prolonged) H-V interval 
(which reflects an associated conduction delay through 


the left bundle branch). But this type of partial bilateral — 


bundle branch block would result in an “incomplete”. 
(not “complete”) right bundle branch block configu- 
ration in the surface leads. 

The prolonged V-RVA interval in patients with 
a “complete” right bundle branch block pattern 
due to acute myocardial infarction: The studies 
mentioned suggest that the prolongation of the V-RVA 
and H-RVA intervals observed in 13 of 13 patients who 
manifested a *complete" right bundle branch block 
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respectively), occurring in the same patient as in Figure 5when- — 
in leads V, 


had a normal duration (5 msec) subsequently when the ventricular complexes became narrow (right panel). Abbreviations as in Figüre 2. 
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and V; (left and center panels). In contrast, the V-AVA interval coe 
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pattern early in the course of acute transmural myo- 
cardial infarction reflected the existence of a conduction 
disturbance in the main trunk of the right bundle 
branch. This assumption is supported by the normal 
V-RVA intervals recorded in the five patients with 
persistently narrow QRS complexes and in the six pa- 
tients whose “complete” right bundle branch block 
pattern disappeared. 

Because of the constraints imposed by the clinical 
setting in which the intracardiac electrograms were 
obtained (acute myocardial infarction), and because the 
recordings were obtained during catheter insertion for 
therapeutic reasons, additional maneuvers, such as 
catheter manipulations to record right bundle potentials 
or His bundle pacing, were not performed. Therefore, 
in our patients we were not able to repeat the studies of 
Narula!® and El Sherif et al.,!7 who observed that His 
bundle pacing could normalize (therefore decreasing the 
QRS duration) some chronic “complete” bundle 
branch block patterns. These authors considered that 
the latter could be due to a lesion, or lesions, occurring 
within the His bundle itself (not necessarily located in 
the trunk of the right bundle branch). An intra-Hisian 
conduction disturbance capable of producing a “com- 
plete" right bundle branch block pattern can cause a 
. prolongation of the H-RVA and V-RVA intervals, as 
when the main trunk of the right bundle branch is af- 
~ fected. In our patients with acute myocardial infarction 
and prolonged V-RVA intervals, the coexistence of a 
prolonged H-V interval, or one at the upper limit of 
normal, is in keeping with previous data,!9:!7 but might 
also reflect the large incidence of multilevel block that 
can occur in patients with anterior myocardial infarc- 
tion and wide QRS complexes. 

Electrophysiologic implications: The newer 
techniques of obtaining intracardiac electrograms (use 
of close bipolar leads and filters and methods of re- 
cording the electrical activity of the proximal portions 
of the intraventricular conduction system and other 


selected endocardial or epicardial sites) have enhanced 
our knowledge of several types of intraventricular 
conduction defects that occur in the human heart. The 
present study extends the usefulness of these techniques 
to conduction defects occurring in patients with acute 
transmural myocardia! infarction. For example, a nor- 
mal V-RVA interval was recorded in the eight patients 
with persistently or intermittently narrow QRS com- 
plexes. It appeared, therefore, that transmural myo- 
cardial infarction in itself did not produce a lengthening 
of the V-RVA interval, even when the interventricular 
septum was involved. 

Moreover, the V-RVA interval can be of help in the 
categorization of patients who have an inferoposterior 
myocardial infarction pattern, prolonged intraven- 
tricular conduction time and predominantly positive 
QRS deflections in scalar leads V; and V2. When the 
infarction pattern results from coronary disease (true 
myocardial infarction) and a normal (or prolonged) P-R 
interval coexists with prolonged V-RVA and prolonged 
H-RVA intervals, the conduction disturbance occurs 
in the right bundle branch and perhaps within the His 
bundle itself. On the other hand, a pseudoinfarction 
pattern due to ventricular preexcitation (in patients 
without coronary artery disease) resulting from left- 
sided accessory pathways is characterized (when fusion 
QRS complexes are present) by a normal P-R interval, 
a prolonged V-RVA interval and a normal H-RVA in- 
terval if the accessory pathway is of the Mahaim type!? 
and by a short P-R interval, prolonged V-RVA interval 
and normal H-RVA interval if the accessory pathway 
is of the Kent type.? 

Future studies should be oriented toward the corro- 
boration of these assumptions, as well as to the deter- 
mination of whether left ventricular apical electrograms 
can differentiate between the wide QRS complexes 
produced by a block in the main trunk of the left bundle 
branch and those resulting from distal, peripheral or 
parietal left ventricular conduction disturbances. 
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The relation between the anatomy of the left anterior descending coronary 
artery and regional myocardial function was studied zt rest and after rapid 
ventricular pacing in 194 patients with proximal disease of this artery. Sixty 

patients were restudied 4 months after coronary bypass surgery. All of 
these patients had a graft to the left anterior descending coronary artery 

after operation. Twenty-two persons with normal coronary arteriograms 
served as control subjects. Coronary obstruction was measured with 
quantitative coronary arteriography and was classified as critical stenosis 
(75 to 99 percent luminal narrowing) or occlusion (100 percent). Regional 
wall motion was defined by hemiaxis shortening. Four groups were es- 

tablished: group A, obstruction without revascularization; group B, ob- 

struction with revascularization by collateral vessels; group C, obstruction 

with revascularization by a patent graft; group D, obstruction with re- 

vascularization by a stenosed or occluded graft. At rest, regional motion 

diminished in group A with critical stenosis and further with occlusion 

(from 39 to 25 percent and to 5 percent, P «0.001, P <0.001); in group. 
B, with critical stenosis (from 39 to 24 percent, P 0.001) but not with 

occlusion (from 24 to 19 percent, P 0.05). In contrast, in group C motion 

remained unchanged (from 39 to 31 percent and to 32 percent, P 70.05, 

P 70.05). After pacing, regional motion became akinetic in groups A and 

B with critical stenosis and remained unchanged with occlusion. In con- 

trast, in group C wall motion remained normal after pacing with critical 

stenosis and with occlusion. Results in group D were comparable with 

those in group B. Ejection fraction showed parallel and left ventricular 

end-diastolic pressure inverse changes as compared with regional mo- 

tion. 

When coronary stenosis progresses to occlusion without revascular- 
ization, myocardial contractility becomes depressed at rest and after 
pacing. Revascularization by collateral vessels preserves resting function 
in coronary occlusion to some extent but is ineffective after pacing. 
Successful surgical revascularization prevents loss of function at rest and 
after pacing in critical stenosis and in occlusion. 


Revascularization of myocardium supplied by an obstructed or occluded 
artery can be achieved by coronary collateral vessels or an aortocoronary 
bypass graft. Although controversy exists over the significance of col- 
lateral vessels in preserving myocardial function,!-* several studies^-7 
have demonstrated improvement in left ventricular contractility after 
surgical revascularization. However, some investigators?-!? found no | 
significant improvement in ejection fraction at rest after successful 

surgical revascularization. In patients with chronic stable angina isch- 

emia is usually absent at rest but develops during stress because of a 

disparity between the amount of oxygen delivered to the myocardium, 
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by the coronary blood supply and the requirements of 
cardiac muscle in the postobstructive area. Ischemia 
. in these patients is evidenced by stress-induced re- 
' versible cardiac failure and reversible asynergy.!!-!? 
Because ischemia in chronic coronary artery disease in 
^ the stable state is present during stress only, augmen- 
_ tation of myocardial function after aortocoronary by- 
. pass surgery can be demonstrated during stress but not 
at rest. 
The purpose of this study is (1) to define the effects 
of pacing stress on left ventricular function with dif- 
ferent degrees of coronary obstruction, and (2) to 
compare the effects of myocardial revascularization by 
collateral vessels or a coronary artery bypass graft with 
different degrees of coronary obstruction at rest and 
during stress. 





` Methods 
Patients 


Data on 334 consecutive patients (8 women and 326 men 
between 27 and 65 years of age) with obstructive coronary 
artery disease were analyzed. We excluded 140 patients be- 
cause of one or more of the following features: (1) significant 
(greater than 50 percent luminal narrowing) obstruction of 
the first marginal branch of the left circumflex artery (74 
patients), (2) significant disease of the left main coronary 
artery (7 patients), (3) no disease of the left anterior de- 
scending coronary artery (42 patients), (4) peripheral disease 
of the left anterior descending coronary artery (8 patients), 
(5) atrial fibrillation at the time of study (2 patients), and (6) 
technically poor angiograms (28 patients). The remaining 194 
patients had significant proximal obstruction of the left an- 
terior descending coronary artery. Any collateral supply evi- 
.dent in the cineangiograms was carefully noted. 

Criteria for the presence of coronary collateral vessels, 
either intra- or intercoronary anastomosis, required visual- 
ization of the vessel segment distal to the obstruction. These 
criteria are similar to those of Hamby et al.? According to these 
criteria the collateral supply to the left anterior descending 
coronary artery was present in 72 and absent in 122 patients. 
Additional significant disease of the right coronary artery was 
found in 61 patients and additional disease of the left cir- 
cumflex artery distal to the origin of the first left marginal 
branch in 24 patients. A typical history and electrocardio- 
graphic changes (pathologie Q waves) suggestive of old myo- 
cardial infarction (75 anterior, 22 inferior) were present in 97 
patients. 

Sixty patients could be restudied between 3 and 6 months 
(mean 4.3 months) after aortocoronary bypass surgery. The 
indication for surgery was stable angina in 58 patients and 
unstable angina in 2. The patients had ventriculographic and 
coronary arteriographic studies within 6 weeks before oper- 
ation. No patient operated on and restudied had an acute 
event between the catheterization study and operation. 
Twenty-seven patients had one graft, 24 patients had two 
grafts and 9 patients had three grafts. A graft to the left an- 
terior descending coronary artery was performed in each pa- 
tient. Two patients had perioperative myocardial infarction 
as judged by new Q waves and serum enzyme levels. 
‘Twenty-two patients studied because of chest pain but found 
to have normal coronary arteriograms and a normal left ven- 
"triculogram served as control subjects. 


Catheterization Study 


All patients were studied during normal sinus rhythm. No 
Patient experienced chest pain during catheterization except 
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after pacing stress. No premedication was used. Nitrates and 
beta adrenergic blocking agents were discontinued at least 3 
days before study. Left heart catheterization was performed 
by the retrograde technique. After measurement of left ven- 
tricular systolic and end-diastolic pressures monoplane an- 
giography was performed in the 30° right anterior oblique 
projection with injection of 50 ml of Urografin-7®. Thereafter, 
coronary arteriography was carried out using the Judkins 
technique with 35 mm film taken at 32 or 48 frames/sec 
utilizing the Philips dual field 9 and 5 inch image intensifier 
system. Selective coronary injections were made nianually 
using multiple projections. 

A pacing test was performed in 82 patients. A bipolar 
electrode was placed into the right ventricle. Thirty minutes 
after the last angiogram right ventricular pacing was started 
atarateof 110 beats/min and was gradually increased under 
left ventricular pressure recording to a rate of 170 beats/min. 
Pacing rate was kept constant for 1 minute. After pacing was 
stopped, left ventricular systolic and end-diastolic pressures 
were recorded for 30 seconds. After a pause of 10 to 15 minutes 
pacing was repeated and a second ventriculogram was ob- 
tained immediately after pacing was stopped. 

From the cineangiographic frames silhouettes of the left 
ventricular cavity were drawn at end-diastole and end-sys- 
tole. Extrasystolic and postextrasystolic cycles were not an- 
alyzed. The ejection fraction was calculated using the mono- 
plane area-length method.'4 Segmental wall motion was 
measured from the end-diastolic and end-systolic outlines of 
the left ventricle (Fig. 1). The long axis (L) was divided into 
four equal parts, and three perpendicular lines were con- 
structed. Each hemiaxis (from the long axis to the endocardial 
surface) was measured and the percent shortening was cal- 
culated as end-diastolic minus end-systolic divided by end- 
diastolic hemiaxis multiplied by 100 percent. The individual 
values of hemiaxes and Rs and Ra and of the long axis (L) were 
averaged to get a representative measurement of segmental 
wall motion of the area of myocardial territory of the left an- 
terior descending coronary artery.}5 

The degree of coronary stenosis was measured using the 
technique of quantitative coronary arteriography as suggested 
by Brown et al.16 Coronary lesions were traced from two per- 
pendicular projected 35 mm cineangiographic views. Magni- 





FIGURE 1. End-diastolic (dashed border) and end-systolic (dotted 
border) ventriculographic silhouettes of the left ventricle. The long axis 
(L) for end-diastole (solid line) and end-systole (dashed line) is depicted. = 
The open circles represent the “mid point" of each silhouette. The 
percent shortening of each hemiaxis (R; to Rg) is calculated as the 
end-diastolic minus the end-systolic hemiaxis divided by the end-dia- 
stolic hemiaxis times 100 percent. The anterior wall is marked by the 
shaded area. The area perfused by the left anterior descending coronary 
artery was taken as the average of Re + Ra +L. 
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fication and distortion were corrected using the coronary 
catheter. The technique assumes an elliptical lumen of the 
vessel and calculates the percent of reduction in luminal area 
in the stenosis. Diameters of the vessel were measured from 
©. end-diastolic frames. The normal lumen is calculated as the 

-average of the normal lumen proximal and distal to the ste- 
nosis. Two determinations of 14 stenoses by the same trained 
observer showed an average difference of 1.8 + 2.0 percent 
stenosis (mean + standard deviation). One determination of 
two trained observers (18 stenoses) showed an average dif- 
ference of 2.8 + 1.6 percent stenosis. 

Patients were operated on using total cardiopulmonary 
bypass and a disposable bubble oxygenator. Cardioplegic 
arrest and hypothermia were used for distal coronary anas- 
tomoses. The proximal aortic anastomoses were performed 
in the beating heart with the aid of a partially occluding aortic 
clamp. 

For statistical comparison the paired or unpaired t test was 
used. 


Results 


Patients were classified into four groups according 
to the anatomy of the left anterior descending coronary 
artery: group A, “pure” obstruction without revascu- 
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FIGURE 2. Group A (obstruction without revascularization). individual 
data on wail motion of the area perfused by the left anterior descending 
coronary artery (LAD) are correlated with the degree of stenosis during 
a normai beat (closed circles) and during a pacing beat (open circles). 
Four degrees of stenosis are indicated: 0 percent (control), 50 to 74 
percent, 75 to 99 percent and 100 percent. Wall motion diminishes at 
rest in patients with 75 to 99 percent stenosis and is further depressed 
during pacing. In patients with 100 percent occlusion akinesia develops 
both at rest arid during pacing. The solid horizontal lines in each column 
indicate mean values. n.s. — not significant; p — probability. 


larization by collaterals or hy graft (105 patients); group 
B, obstruction with spontaneous revascularization by 
angiographically visible collateral supply to the post- - 
obstructive vessel segment (72 patients); group C, ob- 
struction with successful surgical revascularization (41 
patients); and group D, obstruction with unsuccessful 
surgical revascularization (graft failure) (19 patients). 
Effect of “pure” stenosis on left ventricular 
function at rest and during stress (group A): Data 
on regional wall motion related to the degree of stenosis 
of the left anterior descending coronary artery are 
presented in Figure 2 and Table I. With less than 75 
percent stenosis, wall motion remained normal at rest 
and unchanged after pacing. With 75 to 99 percent 
stenosis, wall motion began to diminish at rest (P 
«0.001 when compared with prior stenosis). Pacing 
produced a significant further reduction in wall motion 
with this degree of stenosis (P «0.001). With complete 
vessel occlusion, wall motion was nearly absent at rest 
and remained unchanged after pacing (P 20.05). There 
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G GROUP A (without revascularization ) 
GROUP B (spontaneous revascularization } 
m GROUP C (surgical revascularization} 


FIGURE 3. Mean values + standard error of the mean (SEM) of wall 
motion of the area perfused by the left anterior descending coronary 


artery (LAD) for 0 percent, 75 to 99 percent and 100 percent stenosis. "| 


Data are shown during a normal beat and during a pacing beat for pa- 
tients in groups A, B and C. LAD stenosis O percent represents the 
control group. Abbreviations as in Figure 2. 
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. were 17 patients with 50 to 74 percent stenosis. Because 
.. none of these patients were restudied after aortocoro- 
ypass surgery, data on patients with this degree 
ity of stenosis are presented only in Figure 2 and 
cluded in the following results. 
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stepwise reduction of motion was observed when ste- _ 
nosis progressed from 0 to 75 to 99 percent and from 75- 
to 99 percent to complete occlusion. In group B (spon- _ 
taneous revascularization) a significant decrease in wall 

motion was seen between 0 and 75 to 99 percent stenosis- 





but no further depression with complete occlusion. In 
group C (surgical revascularization) no reduction in wall 
motion was seen with progression of stenosis to com- 
plete occlusion. 

During pacing, groups A and B revealed a steep de- - 
crease in regional motion with 75 to 99 percent stenosis 


Effect of revascularization on the relation between 
oronary stenosis and left ventricular function (groups 
4, B and C): Figure 3 illustrates regional wall motion 
_ for groups A, B and C according to the degree of stenosis 
| of the left anterior descending coronary artery. In group 

~ A (without revascularization) during a normal beat a 

























TABLE 1 


Wall Motion of the Area Supplied by the Left Anterior Descending Coronary Artery at Rest and After Pacing (96) 
in Groups A to D 



















































































x Normal Beat 
i Degree of Group 
- LAD Stenosis. A B C D 
150 percent 
(control) 
39.4 
2.1 
(no. = 22) 
25.4 23.6 31.4 29.4 
1.5 3.5 3.1 4.3 
{no. = 93) (no. = 11) (no. = 7) (no. = 5} 
5.4 18.8 31.9 22.0 
2.1 17 15 3.1 
(no. = 12) (no. — 61) (no. —.34) ino. = 14) 
Statistical Comparisons Between Groups (P Value) 
A/B AIG A/D B/C B/D G/D 
NS NS NS NS NS NS 
100% f t t t NS T 
Pacing Beat 
Degree of Group 
LAD Stenosis A B C D 
095 
(control) 
Mean 39.3 
i SEM 2.1 
(no. = 6) 
75-9996 
Mean 13.7 8.7 36.2 16.0 
+ SEM 2.1 2.9 2.9 6.5 
(no. = 27) (no. = 6) (no. 5) (no. = 3) 
10096 
Mean 5.8 10.8 29.9 8.7 
+ SEM 1.9 2.2 2.6 3.5 
(no. = 4) (no. — 10) (no. = 18) (na. = 3) 
Statistical Comparison Between Groups (P value) 
A/B A/C A/D B/C B/D C/D 
75-9996 NS i NS i NS * 
10096 NS t NS i NS t 
^ P «0.05. 
t P «0.01. 
t P «0.001. 


= Group A = obstruction without revascularization; group B = obstruction with revascularization; group C = obstruction with successful Ue 
surgical revascularization; group D = obstruction with unsuccessful surgical revascularization (graft failure). 2 
LAD = left anterior descending coronary artery; NS = not significant; P = probability value; SEM - standard error of the mean. 


= 
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and no further depression with complete occlusion (Fig. 
3). In contrast, in group C, regional wall motion re- 
mained unchanged with increasing degrees of stenosis. 
"Table H contains additional data on heart rate, left 
ventricular systolic and end-diastolic pressures and 
ejection fraction in each subset of patients with isolated 
disease of the left anterior descending coronary artery. 
Changes in ejection fraction are parallel with changes 
in segmental wall motion in groups A, B and C. At rest 
a stepwise decrease was seen in group A (P «0.001 and, 
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P <0.001, respectively). In group B a significant de- 
crease in ejection fraction was observed only between 
0 and 75 to 99 percent stenosis but no further decrease 
with complete occlusion (P <0.05 and P >0.05, re- 
spectively). In group C no depression of ejection fraction 
was seen with increasing degrees of stenosis (P >0.05 
and P >0.05, respectively). 

During pacing a steep decrease in ejection fraction 
was found in group A, and in group B when stenosis 
reached to 75 to 99 percent (P <0.001); no further 
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TABLE ii 
General Hemodynamics 
Normal Beat 
Degree of 
LAD Group A Group B Group C Group D 
Stenosis HR — LVSP LVEDP EF HR — LVSP LVEDP EF HR LVSP LVEDP EF HR — LVSP LVEDP EF 
0% (control) 
Mean 74.6 130 12.6 689 
i SEM 3.3 3 0.8 1.8 
. (no. = 22) 
75-99% 
-Mean 78:0 131 219 535 75.0 139 20.99 605 79.3 138 10.0 692 818 140 15.0 56.0 
SEM 2:9 4 17 24 3.0 5 18 27 3.9 2.2 1.1 8.7 9 5.0 6.4 
t (no. = 33) (no. = 8) (no. — 6) (no. = 4) 
100% ; 
Mean 81.1 127 172 403 74.2 135 16.3 530 84.2 149 13.4 66.6 83.0 150 18.0 53.7 
+ SEM 4.3 8 26 35 24 5 15 29 3.5 5 14 27 46 11 1.8 5.9 
(no. = 7) (no. = 30) (no. — 12) (no. = 7) 
Statistical Comparisons Between Groups (P value) 
A versus B A versus C A versus D B versus C B versus D C versus D 
HR SP EP EF HR SP EP EF HR SP EP EF HR SP EP EF HR SP EP EF HR SP EP EF 
75-99% NS NS NS NS NS NS * + NS NS NS NS NS NS 7 * NS NS NS NS NS NS NS NS 
100% NS NS NS * NS * NS # NS NS NS NS * NS NS 3 NS NS NS. NS NS NS NS * 
Pacing Beat 
te of Group A Group B Group C Group D 
Stenosis HR — LVSP LVEDP EF HR — LVSP LVEDP EF HR LVSP LVEDP EF HR LVSP LVEDP EF 
0% 
-Mean 85.2 137 i143 70.8 
x SEM 4.9 12 1.5 1.6 
SU (no. = 6) 
20025-9996 
“Mean 73.4 148 341.7 444 788 139 314 408 79.8 134 ite 70.0 § § § § 
‘+ SEM 3.6 11 2.1 3.7 40 18 14 52 25 6 23 20 
j (no. = 7) (no. = 6) (no. = 5) 
100% j 
Mean 67.5 135 30.5 36.5 86.3 133 34.0 374 841 144 19.1 629 $ § § § 
x SEM 4.4 10 19 58 69 6 84 43 4.3 6 14 23 
(no. — 4) (no. = 8) (no. -— 17) 
. Statistical Comparisons Between Groups (P value) 
A versus B A versus C A versus D B versus C B Versus D C versus D 








HR SP EP EF 








75-8996. NS NS NS NS NS NS ft t NS NS FoF  .....u. 7.2 vg. 
100% — NS NS NS NS NS NS 3 t NS ONS E - io x los RT Lr A 
* P «0.05. 
t P «0.01. 
t P «0.001. 


§ Number: of observations did not permit statistical comparison. 
Groups A to D as defined in Table I. 


EF = ejection fraction (%); EP, LVEDP = left ventricular end-diastolic pressure (mm Hg); HR = heart rate (beats/min); LAD = left anterior descending 
coronary artery; LVSP, SP = left ventricular systolic pressure (mm Hg); no. = number of subjects; NS = not significant; P = probability; SEM = 
standard error of the mean. 
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- change occurred with occlusion (P >0.05). In contrast, 
patients in group C showed no change in ejection frac- 
tion with progression of obstruction (P >0.05 and P 
>0.05, respectively). Left ventricular end-diastolic 
... pressure increased at rest and after pacing in groups A 
|. and B when stenosis reached 75 to 99 percent (P <0.001) 
nd remained elevated in complete occlusion. In group 
- € no change in end-diastolic pressure occurred with 
progression of stenosis (P >0.05). Heart rate and left 
. ventricular systolic pressure were comparable in the 
. three groups (P >0.05) at rest and after pacing (Table 
TD. 

Comparisons among different types of revascu- 
larization at rest and after pacing (groups B, C and 
D): Figure 4 presents individual data on regional wall 
— motion in groups B, C and D with 75 to 99 percent ste- 
. nosis and with complete occlusion and compares them 
| with data in group A. With 75 to 99 percent stenosis, 

- wall motion at rest was similar in all four groups. With 
< complete occlusion, wall motion was greater in groups 
_ B, C and D than in group A. Regional motion in group 
C was also significantly greater than in groups B (P 
<0.001) and D (P «0.01). 

During pacing, with 75 to 99 percent stenosis regional 
motion was similar in groups B and D but augmented 
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FIGURE 4. Comparison of wall motion of the area perfused by the left 
anterior descending coronary artery (LAD) among the four groups during 
the normal beat (left) and pacing beat (right). The upper panels show 
data in cases of stenosis of the native artery (75 to 99 percent luminal 
* narrowing); the lower panels refer to data in cases of complete oc- 
clusion. Significant differences between group A (obstruction without 
revascularization) and groups B, C and D are shown below the columns. 
In group D, patients with a stenosed graft (open circles) and with an 
‘occluded graft (stars) are indicated. Abbreviations as in Figure 2. 
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in group C as compared with group A (Fig. 4). Fur- 
thermore, group C showed greater regional motion than 
groups B (P «0.001) and D (P «0.05). With complete 
occlusion during pacing, wall motion was similar in 
groups B and D but increased in group C compared with 
group A. Wall motion in group C was again greater than == 
in groups B (P <0.001) and D (P <0.01). Figure 5 shows - 
ventricular silhouettes of a patient in group A with 95 
percent stenosis of the left anterior descending coronary 
artery: Wall motion was normal at rest but severely 
depressed during pacing stress. After successful bypass 
grafting, wall motion was normal at rest and during 
stress. Thus, the ischemic response was abolished after 
coronary bypass surgery. 

Differences in ejection fraction were generally sim- 


ilar to differences in regional wall motion when only | 


cases of isolated disease of the left anterior descending 
coronary artery were considered (Table II). Left ven- 
tricular end-diastolic pressure was elevated when sys- 
tolic ejection fraction was depressed. : 

Heart rate and left ventricular systolic pressure were 
not different among groups except that heart rate in 
group C was higher than in greup B with complete vessel 
occlusion (P <0.05) and left ventricular systolic pressure 
was higher in group C than in group A with complete 
occlusion (P «0.05). After pacing no significant differ- 
ence was found among groups. 

Graft patency rate was 89 percent (91 of 102 grafts) 
4 months after operation. Five grafts to the left anterior 
descending coronary artery were occluded and nine 
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FIGURE 5. Ventricular silhouettes cf a patient in group A witha 94. 
percent stenosis of the left anterior descending coronary artery (LAD). 


Anterior wall motion (WM) was normal at rest but became akinetic with: —— 


pacing before bypass surgery. After the graft, wall motion is normal ato 
rest and during pacing stress. 
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grafts were obstructed (more than 75 percent luminal 
narrowing) at the proximal (two grafts) or distal anas- 
tomosis (seven grafts). In Figure 4, patients in group D 
with stenosed and occluded grafts are separated. With 
complete occlusion no difference in wall motion between 
these subsets was found at rest (20.1 + 3.4 percent, no. 
= 9, versus 25.4 + 6.5 percent, no. = 5, P >0.05). When 
the graft was stenosed and the native artery occluded, 
the myocardium was perfused exclusively by the sten- 
osed graft. When both the graft and the artery were 
occluded, collateral vessels supplied the perfusion area 
of the left anterior descending coronary artery in all 
cases (five of five cases). Figure 6 shows a typical ex- 
ample of this situation: A rich collateral supply to the 
left anterior descending coronary artery was seen after 
occlusion of the graft and native artery, and the effect 
of this spontaneous revascularization was documented 
by a well preserved wall motion of 38 percent. 
Significance of “critical obstruction”: After stress 
a diminution in wall motion was found before operation 
in patients with 75 to 99 percent stenosis (from 25 to 14 
percent), with 75 to 99 percent stenosis associated with 


FIGURE 6. Pre- and postoperative coronary ar- 
teriograms of a patient in group D. A, preoperative 
left coronary injection. Severe proximal stenosis 
(arrow) of the left anterior descending coronary 
artery is present. B, preoperative right coronary 
injection. Collateral vessels to the left coronary 
system are seen within the septum (arrows). C, 
postoperative left coronary injection. Complete 
occlusion of the left anterior descending coronary 
artery is seen (arrow). D, postoperative right 
coronary injection. A rich collateral network within 
the septum fills the left anterior descending cor- 
Onary artery (arrow). E, postoperative injection 
into a graft to the second marginal branch fills 
collateral vessels to the distal part of the left an- 
terior descending coronary artery (arrow). F, 
postoperative end-systolic ventriculogram, normal 
beat. Only slight apical hypokinesia is seen. A 
protective effect of collateral supply to the left 
anterior descending coronary artery is docu- 
mented in this case after graft occlusion (not de- 
picted) associated with occlusion of the native 
artery. 


collateral vessels (from 24 to 9 percent, P <0.05) and 
with complete occlusion associated with collateral 
vessels (from 19 to 11 percent, P «0.01). Regional mo- 
tion in these subsets was similar at rest and after pacing 
but was reduced in both instances from that of normal 
subjects (P «0.001). Thus, these subsets can be defined 
as "critical obstruction"; that is, acute ischemic dys- 
function occurs during stress while resting function is 
maintained. However, a certain degree of dysfunction 
was found in these patients even at rest. Therefore, we 
tried to determine if this moderate depression would be 
reversible after surgical revascularization. Segmental 
function was compared before and after successful graft 
surgery within the same patient (Fig. 7). At rest, wall 
motion increased from 27.1 to 32.7 percent (P «0.01) 
and after stress from 10.4 to 35.2 percent (P «0.01). 


Discussion 


Problems of study: It is difficult to evaluate the ef- ' 
fects of therapeutic procedures on myocardial function 
in coronary artery disease because the extension of the 
disease is highly variable: The number of obstructions, 1 
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degree of obstruction, perfusion area of obstructed 
vessel and presence or absence of collateral vessels in- 
fluence myocardial function in a complex manner. 
Therefore, we focused our investigation by (1) utilizing 
< the technique of quantitative coronary angiography, 
- which measures precisely the degree of obstruction; (2) 
limiting the data to the left anterior descending coro- 
nary artery, which has the least variable perfusion area 

of the vessels supplying the left ventricle!’; and (3) 
-classifying the stenotic lesions according to the presence 
ot absence of coronary collateral supply. In addition to 
these modifications a pacing stress test was used to 
determine the functional significance of different de- 
grees and types of obstruction and to define the effect 
of surgical revascularization on myocardial function. We 
expected that this approach would clarify the extent to 
which myocardial revascularization augments myo- 
cardial function. 

The technique of quantitative coronary angiography 
measures luminal obstruction.!9 The technique assumes 
elliptical vessel cross section and calculates the percent 
of luminal narrowing from paired perpendicular angi- 
_ ographic views. Frames are selected at end-diastole. In 
our experience, with careful attention to filming tech- 
nique, more than 95 percent of the lesions of the left 
anterior descending coronary artery can be measured. 
We measured only the percent of luminal narrowing, not 
the length of stenosis. We limited our study to only two 
grades of obstruction, 50 to 74 percent and 75 to 99 
percent, thus reducing the likelihood of erroneous 
measurements. 

Surgical revascularization: This study demon- 
strates that successful surgical revascularization pre- 
serves myocardial function as compared to “pure” 
coronary stenosis both during stress (when the native 
artery is critically stenosed or completely occluded) and 

at rest (when the native artery is occluded). 
| — "Toevaluate the effect of coronary revascularization, 
we defined the relation between severity of stenosis and 
segmental wall motion in cases without revasculariza- 
tion. We found that with 75 to 99 percent coronary 
stenosis loss of wall function was moderate and that 
with 100 percent occlusion akinesia developed when 
revascularization was absent. With 75 to 99 percent 
stenosis further depression of wall motion occurred 
during pacing. This stress-induced asynergy documents 
that stenosis limited adequate blood supply during in- 
creased demand; that is, the stenosis was "critical." 
However, the stenosis was critical even at rest because 
wall motion was moderately reduced during the normal 
beat. The finding that after correction of severe stenosis 
wall motion was augmented at rest and during stress in 
patients with stable angina suggests that a stage of re- 
versible asynergy is produced by critical coronary ste- 
nosis. Further progression of stenosis to complete oc- 
clusion induced irreversible asynergy. Whether pro- 
gression of stenosis or repeated episodes of stress-in- 
* duced asynergy, or both, precipitate irreversible loss of 
wall motion remains to be clarified. 

It is well known that proximal coronary stenosis often 
progresses to complete occlusion after insertion of by- 
*pass graft.'8!9 In our series 53 percent of proximal na- 
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FIGURE 7. Wall motion of the area perfused by the left anterior de- 

scending coronary artery (LAD) in critical coronary obstruction ("pure" 

LAD stenosis), LAD stenosis with collateral vessels and LAD occlusion 

with collateral vessels before (preop) and after (postop) bypass surgery. 
A significant increase in wall motion occurred at rest (normal beat) and 
during pacing stress. 


tive artery stenoses were found to be completely oc- 
cluded after operation. The deleterious effect of vessel 
occlusion on myocardial function at rest and after 
pacing was prevented by a patent graft. Furthermore, 
regional function at rest and during stress was aug- 
mented after grafting a vessel with a critical obstruction. 
We conclude that a critical obstruction should be cor- 
rected with bypass graft because cardiac function im- 
proves thereafter. Our results apply only to an early 
restudy; deterioration of function may occur after sev- 
eral years because of changes in the native artery or graft 
anatomy.?°-22 

Revascularization by collateral vessels: The an- 
giographic appearance of coronary collateral vessels was 
mainly observed in patients with coronary occlusion 
before operation and with graft occlusion (plus occlusion 
of the native artery) after operation. Both these subsets 
revealed the same pattern of segmental dysfunction: At 
rest, wall motion was preserved to some extent by col- 
lateral vessels; however, during stress, akinesia devel- 
oped. This behavior was different from the pattern in 
coronary occlusion without revascularization (group A) 
in which left ventricular function was severely impaired 
at rest. Thus, a protective effect of collateral vessels on = 
myocardial function is evident at rest but not after | 
stress. ED 
A significant protective effect of coronary collateral 
vessels on resting myocardial function was re- 
ported?423-25 in patients with complete coronary oc- 
clusion. In patients with coronary stenosis no protective 
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effect of collateral vessels on regional function could be 
shown. +? Bourassa et al.?? described impaired motion 
in eight patients but normal motion in five patients after 
the development of coronary collateral vessels in pa- 
tients with occluded grafts and native arteries, thus 
supporting our observation that collateral vessels have 
some protective effect on ventricular function at rest. 
Among patients with 75 to 99 percent coronary stenosis 
we found no significant difference in regional function 
in those with and without collateral vessels, but among 
patients with complete occlusion we found significantly 
better regional function in those with than in those 
without collateral vessels. 

The collateral supply generally is manifested angio- 
graphically when stenosis exceeds 90 percent luminal 
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obstruction??*; with less severe stenosis collateral ves- 
sels are rarely seen. Exact evaluation of the effect of 
collateral vessels in coronary stenosis would therefore 
require selection of patients with exactly the same de- 
gree of stenosis of over 90 percent. À simpler approach 
to defining the functional significance of collateral 
vessels is to evaluate their effect on complete vessel 
occlusion when the postobstructive myocardium is en- 
tirely dependent on collateral supply. In a recent study 
from this laboratory”® it was shown by intraoperative 
measurement of poststenotic pressure and postocclu- 
sion graft flow hyperemia that collateralized occlusion 
of a vessel is comparable with 90 percent pure stenosis 
and that coronary reserve is partly restored by collateral 
vessels. 
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: Influence of Preoperative Left Ventricular Function on 
. Results of Homograft Replacement of the Aortic Valve for 


The effect of preoperative left ventricular function on early and late. 
prognosis was assessed in 103 patients with aortic stenosis who under i 
went left ventricular cineangiography before homograft replacement of 
the aortic valve. The patients were separated into two groups: Group A 
(58 patients) with an ejection fraction of 0.45 or more and Group B (45 
patients) with an ejection fraction of 0.45 or less. The two groups were- 
compared with respect to clinical and hemodynamic data as well as op- 
erative result. There was poor correlation between clinical data and left. 
ventricular function. In Group A there were three early deaths (5.2 per- 





cent) and three late deaths (5.2 percent) compared with no early andsix — : 
late deaths (13.3 percent) in Group B during the follow-up period of 12. 


to 102 months (mean 43 months). Most patients in Group B showed 
considerable symptomatic improvement but less than that observed in 
Group A. Forty-two patients (13 in Group A and 29 in Group B) underwent 
repeat cardiac catheterization and coronary angiography. improvement 
in left ventricular function as assessed by radial analysis of segmental 
wall motion and ejection fraction was observed in 20 of the 29 patients - 


in Group B. Failure of left ventricular function'to improve was associated _ E 


with additional coronary artery disease in the majority of patients. It is. 
concluded that poor left ventricular function does not increase the risk — c 
of aortic valve replacement for aortic stenosis and that improvementin | 
left ventricular function can be expected in the majority of patients. — 


Left ventricular function is thought to be one of the main determinants- 


of the early and long-term results of aortic valve replacement for aortic 


stenosis.!-4 The exact role of left ventricular function, its response tò 


correction of the valve lesion and the factors affecting it remain uncer- 


tain. To clarify this problem, we analyzed agroup of patients who un- -~ 


derwent homograft replacement of the aortic valve for aortic stenosis. 


Methods 


Selection of patients: Between August 1969 and November 1976 a total of 
570 patients underwent homograft replacement cf the aortic valve at Harefield 
Hospital. The dominant hemodynamic lesion was aortic stenosis in 249 patients, 
including 103 who had a left ventricular cineangiogram available for analysis. 


These 103 patients are the subject of this communication. Among the remaining - e 


146 patients with dominant aortic stenosis, hemodynamic studies were per- 


formed at other institutions in 87 patients, the aortic valve could not be crossed _ . 
in 34, and the left ventricular angiogram was technically unsatisfactory for _ 





analysis in 25. Ail 103 patients included in this study had clinically severe aortic — E 


stenosis with a calculated valve area of less than 2.7 cm?. No patient had more — 


than grade 1/4 aortic regurgitation as judged by aortic root angiography. 


The patients were separated into two groups on the basis of measurement — : 
of preoperative ejection fraction, calculated from standard formulas during: 
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a period free of ectopy early in the angiogram to minimize the 
effects of contrast medium. Group A (58 patients) consisted 
of 33 male and 25 female patients aged 8 to 69 years (mean 52 
years) with an ejection fraction equal to or greater than 0.46. 
Group B (45 patients) consisted of 40 men and only 5 women 
aged 30 to 71 years (mean 53 years) with an ejection fraction 
equal to or less than 0.45. An ejection fraction of 0.45 or more 
has been considered to give optimal results after coronary 
bypass grafting.? Clinical data, including preoperative severity 
and duration of symptoms, postoperative morbidity and 
mortality, symptomatic improvement and changes in the 
electrocardiogram were studied in both groups. Changes in 
left ventricular function and hemodynamic findings were 
evaluated in 42 patients, reinvestigated after aortic valve re- 
placement. 

Hemodynamic and angiographic study: Preoperatively 
all patients underwent right and left heart catheterization 
after overnight fasting and premedication with atropine, 0.01 
mg/kg, and diazepam, 0.15 mg/kg. After measurement of peak 
systolic aortic valve gradient and left ventricular end-diastolic 
pressure, a single plane left ventricular cineangiogram was 
performed in the right anterior oblique projection with the 
injection of approximately 45 ml of 70 percent sodium iotha- 
lamate (Conray 4209) injected at a flow rate of 15 ml/sec using 
a Contrac injector and filmed at 50 frames/sec using an Ar- 
riflex camera. Preoperative coronary angiography was per- 
formed in 76 patients using the technique described by Sones 
or Judkins. Coronary angiography was performed only as a 
routine procedure in patients with aortic valve disease in this 
center from 1974 onward. Before 1974, coronary angiography 
was restricted to patients who presented with severe angina. 
A 50 percent or greater luminal stenosis in a major coronary 
artery was taken as evidence of significant coronary artery 
disease. Cardiac output was calculated from the Fick principle, 
the arterial line being in the ascending aorta. Aortic valve area 
was calculated using the formula of Gorlin and Gorlin,§ de- 
rived from mean left ventricular and aortic pressures. Left 
ventricular and aortie pressure tracings obtained on with- 
drawal across the aortic valve were superimposed. 

Surgery: The operative procedure in each case consisted 
of the insertion of a fresh, antibiotic sterilized unstented ho- 
mograft using two suture lines with coronary perfusion at 
30°C." Fourteen patients (five in Group A, nine in Group B) 
underwent combined valve replacement and aortocoronary 
bypass grafting. Isolated valve replacement was performed 
in seven further patients with coronary artery disease who 
underwent operation before our experience with combined 
valve replacement and bypass grafting. 

Forty-two patients gave informed consent for elective 
reinvestigation with right and left heart catheterization and 
coronary and left ventricular cineangiography. The repeat 
studies were performed at intervals ranging between 3 and 88 
months (mean 24 months) after valve replacement as part of 
an ongoing study into the long-term function and durability 
of homograft valves. 

Assessment of left ventricular function: This was ac- 
complished using computerized, quantitative, radial analysis 
of segmental wall motion derived from the single plane left 
ventricular cineangiogram.® The cineangiogram was projected 
on a Vanguard projector and end-diastolic and end-systolic 
frames were digitized using an ultrasonic coordinate converter 
(Graf/Pen) on line with an HP 2100A computer. Ejection 
fraction was determined using the single plane area-length 
method.? End-diastolic and end-systolic frames were super- 
imposed using the mid point of the aortic valve and the geo- 
metric center of gravity of the end-systolic frame as fixed 
reference points.? Radials were automatically plotted from 
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the center of gravity to the ventricular perimeter at 4? incre- 
ments in a clockwise direction starting at the mid point of the 
aortic valve. Segmental wall motion was expressed as the 
percent change in length of such radials from end-diastole to 
end-systole and was plotted against the radial angle around 
the ventricular perimeter. An abnormality was defined as five 
consecutive radials (20° or 5 percent of the ventricular pe- 
rimeter) greater than 2 standard deviations outside control 
values obtained in a group of normal angiograms. No correc- 
tion for X-ray magnification was made. Statistical analysis 
of data was performed using the Student t test and chi 
squared. 

The severity of left ventricular hyperirophy as manifested 
in the electrocardiogram was assessed in three grades: Grade 
I, a normal electrocardiogram, with the tallest R wave or the 
deepest S wave in any lead being less than 20 mm; Grade II, 
the tallest R wave in any of the standard leads being greater 
than 20 mm or the tallest R wave and the deepest S wave in 
the precordial leads being greater than 25 mm; and Grade III, 
the findings in Grade II with the addition of associated ST-T 
abnormalities in the absence of digitalis. Left ventricular 
hypertrophy with ST-T changes in the presence of digitalis 
was downgraded by one grade. 


Results 
Preoperative Findings 


Symptoms and functional state: All patients were 
symptomatic at the time of operation. In Group A, 35 
patients (60 percent) presented with angina and dysp- 
nea, dyspnea alone was present in 17 patients (30 per- 
cent) and angina alone in 6 patients (10 percent). In 
Group B, 27 patients (60 percent) presented with angina 
and dyspnea, dyspnea alone occurred in 11 patients (24 
percent) and angina alone in 7 patients (16 percent). 
'The prevalence of effort syncope was greater in patients 
in Group À, occurring in 15 patients (26 percent) com- 
pared with only 2 patients (5 percent) in Group B; 
otherwise the distribution of symptoms was similar in 
the two groups. At the time of operation 28 patients (48 
percent) in Group A were in New York Heart Associa- 
tion!? functional class HI or IV compared with 35 pa- 
tients (78 percent) in Group B. The duration of symp- 
toms in patients in Group A ranged between 4 and 84 
months (mean 24 months) and in Group B between 4 
and 96 months (mean 32 months). 

Cardiac size and hypertrophy: The heart size as 
measured from the cardiothoracic ratio in a standard 
chest X-ray film ranged between 0.42 and 0.68 (mean 
0.51) in patients in Group À and between 0.48 and 0.72 
(mean 0.53) in patients in Group B. The difference in 
heart size was not statistically significant although 35 
patients (60 percent) in Group A had a cardiothoracic 
ratio greater than 0.50. 

The severity of left ventricular hypertrophy as 
manifested in the elecirocardiogram was assessed in 
94 patients. In the remaining nine patients the presence 
of conduction defects precluded analysis of left ven- 
tricular hypertrophy. Of the 54 patients suitable for 
analysis in Group A, 39 patients (72 percent) showed the 
changes of left ventricular hypertrophy on voltage cri- , 
teria with additional ST-T segment abnormalities in the 
absence of digitalis. Eleven patients (20 percent) showed 
left ventricular hypertrophy on voltage criteria alone, 
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and in four patients (8 percent) the electrocardiogram 
. was judged to be normal. Of the 40 patients in Group B, 
-.. 86 (89 percent) showed evidence of left ventricular hy- 
pertrophy with ST-T changes in the absence of digitalis. 
<- Left ventricular hypertrophy on voltage criteria alone 
. was present in three patients (8 percent) and the elec- 
trc liogram was normal in one patient (3 percent). 
- The electrocardiogram showed evidence of previous 
| transmural myocardial infarction in one patient (1.7 
~~ percent) in Group A and in 6 patients (13.3 percent) in 
Group B (P «0.05). Preoperative conduction defects 
were present in 11 patients (19 percent) in Group A and 
in 18 patients (40 percent) in Group B (P «0.05). The 
mean frontal QRS vector was widely distributed 
throughout both groups with no evidence of a greater 
left axis shift in patients with poor left ventricular 
function. 
Hemodynamic data: The preoperative hemody- 
-namic findings in the two groups are summarized in 
Table I. There was no statistically significant difference 
between the two groups in peak systolic aortic valve 
gradient, cardiac index or aortic valve area, although 
there was a tendency toward lower cardiac index and 
smaller aortic valve area in patients with poor left 
ventricular function. Left ventricular end-diastolic 
pressure was significantly greater (P «0.05) in patients 
| in Group B. The peak systolic aortic gradient was less 
than 50 mm Hg in six patients (one in Group A and five 
in Group B). However, all these patients had evidence 
of severe aortic stenosis as judged by calculated aortic 
valve area and all five patients in Group B had an ejec- 
tion fraction less than 0.35. 

Coronary arterial anatomy: Preoperative coronary 
angiography was performed in 36 of the 58 patients in 
Group A and in 40 of the 45 patients in Group B. The 
coronary arteries were judged normal in 30 patients (83 
percent) in Group À; single vessel disease was present 
in 2 patients (6 percent), double vessel disease in 1 pa- 
tient (3 percent) and triple vessel disease in 3 patients 
(8 percent). The coronary arteries were normal in 24 
patients (60 percent) in Group B; single vessel disease 
was present in 6 patients (15 percent), double vessel 
disease in 7 (18 percent) and triple vessel disease in 3 (7 
percent). 



















































Postoperative Findings 


Postoperative mortality: In Group A, there were 
three early deaths (5.2 percent) within 30 days of op- 
eration and three late deaths (5.2 percent) during a 
follow-up period ranging from 12 to 102 months (mean 
43 months). All three late deaths occurred unexpect- 
edly, one at 24 months after operation and two at 36 
months after operation. Two deaths were presumed to 
be due to arrhythmias: In one case the preoperative 
electrocardiogram had shown variable bifascicular block 
| and in the second left bundle branch block with a pro- 
longed P-R interval. The third death was related to 
- overwhelming viral infection. Postmortem examination 
| showed that the aortic homograft was functioning well 
in all three patients, and there was no evidence of cor- 
-onary artery disease. 


- 


During the same follow-up period there were no early 
deaths in Group B, but six late deaths (13.3 percent) 
that occurred at 28, 48, 48, 52, 55 and 72 months, re- 
spectively, after operation. All six patients died with: 
congestive heart failure, and five of the patients were 
found to have severe coronary artery disease. At post- 
mortem examination the aortic homograft was found 
to be functioning well in five of the patients but was 
stenotic and calcified in one patient. Survival in the two 
groups is represented in an actuarial manner in Figure 
1. At a follow-up period of 6 years there was no signifi- 
cant difference in mortality between the two groups. 
After 6 years there appeared to be a greater mortality 
in patients with poor left ventricular function (Group 
B), although the number of patients followed up for this 
length of time is too small to give accurate data. 

Postoperative clinical improvement: All patients 
in Group A had symptomatic improvement after oper- 
ation (Fig. 2), and 51 patients (98 percent) were re- 
classified in functional class 1. In Group B all but two 
patients had symptomatic improvement, and 35 (90 
percent) were in functional class 1. Regression of left 
ventricular hypertrophy by electrocardiogram was more 
consistent in Group A than in Group B. Complete re- 
gression of left ventricular hypertrophy occurred in 42 
patients (88 percent) in Group A but in only 19 patients 
(54 percent) in Group B (Fig. 3). 

Postoperative segmental wall motion on angi- 
ography: Forty-two patients (13 in Group À and 29 in 
Group B) were reinvestigated with cardiac catheter- 
ization and coronary angiography 3 to 88 months (mean 
24 months) after aortic valve replacement. Sixteen pa- 
tients were reinvestigated within 12 months of opera- 
tion, and of these only three were investigated within 
6 months of operation. Computerized radial analysis of 
segmental wall motion was performed on the preoper- 
ative and postoperative angiograms of all patients 
reinvestigated. 

Analysis of the preoperative angiogram of the 13 
patients in Group A showed a normal contraction 
pattern in 8 patients (62 percent) and localized seg- 
mental wall abnormalities in 5 patients (38 percent). 
After operation the contraction pattern remained un- 
changed in the eight patients with previously normal 
wall motion. In the five patients with localized wall 








TABLE | 
Preoperative Hemodynamic Findings in 103 Patients With 
Aortic Stenosis 
Group A Group B 
Peak systolic aortic valve 35-165 35—135 
gradient (mm Hg) (92) (84) 
Left ventricular end-diastolic 3.0-34.0 4.0-32.0 
pressure (mm Hg) (10.6) (17.0) 
Ejection fraction 0.46-0.80 0.14-0.45 
(0.65) (0.33) 
Cardiac index (liters/min per m?) — 1.7-5.2 1.0-3.0 
(2.7) Qu 
Aortic valve area (cm?) 0.3-0.7 0.20.62 
(0.52) (0.39) 





Figures in parentheses indicate mean values. 
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motion abnormalities, contraction returned to normal 
in three and was unchanged in two. 

Analysis of the preoperative angiogram of the 29 
patients in Group B showed a normal contraction 
pattern in 3 patients (10 percent) despite depressed 
ejection fraction. Localized abnormalities of wall motion 
were present in 6 patients (20 percent), and generalized 
or global hypokinesia was present in 20 patients (70 
percent). After operation, the three patients with orig- 

_inally normal wall motion had no change in contraction 
pattern. The contraction pattern returned to normal in 
five of the six patients with localized wall abnormalities 
and remained unchanged in one. Among 20 patients 
with generalized hypokinesia, the contraction pattern 
improved in 12 (returning to normal in 8) and remained 
unchanged in 8. Thus, after operation, the pattern of left 
ventricular contraction was entirely within normal 
limits in 16 (55 percent) of the 29 patients in Group B 
and was improved in a further 4 patients. 


p NYHA. GROUP A GROUP B 
CLASSIFICATION 


w eh 





PRE-OP POST-OP PRE-OP POST-OP 
FIGURE 2. Regression of symptoms after aortic valve replacement. 


13 No. of patients at risk. GROUP A 
7 No.of patients at risk. GROUP B 


8 FIGURE 1. Actuarial analysis of survival after ho- 
mograft replacement of the aortic valve in relation to 
preoperative left ventricular function. 


Changes in ejection fraction: Changes in left ven- 
tricular contraction pattern correlated well with changes 
in ejection fraction (Fig. 4). After operation, 20 of the 
29 patients in Group B had an ejection fraction ex- 
ceeding 0.55. In Group B as a whole the ejection fraction 
increased significantly after operation from a mean of 
0.35 to a mean of 0.59 (P «0.001). Nine patients failed 
to show significant improvement in ejection fraction, 
and all nine had significant abnormalities of segmental 
wail motion. All nine patients were in functional class 
IV at the time of operation and had a left ventricular 
end-diastolic pressure exceeding 20 mm Hg. Five of the 
nine patients had significant coronary artery disease. 
Two of the five had undergone combined valve re- 
placement and coronary bypass grafting, but both had 
sustained a myocardial infarction before operation. The 
remaining three had not had coronary bypass grafting; 
two of these sustained a perioperative myocardial in- 
farction and both have since died. As expected, the 
ejection fraction in patients in Group A did not increase 
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N.Y.H.A. = New York Heart Association functional classification; 
POST-OP = postoperative; PRE-OP = preoperative. 


FIGURE 3. Regression of left ventricular hypertrophy (L. V.H.) after aortic 
valve replacement. Abbreviations as in Figure 2. 
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FIGURE 4. Changes in ejection fraction in 42 
patients restudied after aortic valve replace- 
ment. @ = mean; p = probability; other ab- 


breviations as in Figure 2. 


_ significantly from its preoperative valve of 0.46 or more. 
- One patient, who underwent combined valve replace- 
| ment and coronary bypass grafting, showed significant 
- deterioration in ejection fraction after occlusion of a 
| bypass graft. 
Left ventricular end-diastolic pressure and 
< cardiac index: In patients in Group B there was a 
‘substantial decrease in the left ventricular end-diastolic 
- pressure from a mean of 17.4 to a mean of 7.2 mm Hg (P 
<0.001) (Fig. 5). Left ventricular end-diastolic pressure 
did not change significantly in patients in Group A (P 
<0.2). Similarly, in patients in Group B cardiac index 
increased significantly from a mean of 2.1 to a mean of 
3.0 liters/min per m? (P «0.05) (Fig. 6). There was no 
significant increase in cardiac index in patients in Group 
A. 
.. Correlation of changes in ventricular function 
-with coronary artery disease: Of the 42 patients re- 
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FIGURE 5. Changes in left ventricular end-diastolic pressure (L.V E.D.P.) 
in 42 patients restudied after aortic valve replacement. Abbreviations 
, as in Figures 2 and 4. 
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investigated 23 were found to have normal coronary 
arteries. Analysis of preoperative left ventricular seg- 
mental wall motion in this group showed that the con- 
traction pattern was normalin 7 patients (30 percent), 
showed localized abnormalities of wall motion inpas- . 
tients (17 percent) and generalized hypokinesia in 12. 
patients (53 percent). At subsequent reinvestigation . 
wall motion was unchanged in the seven patients with — 
originally normal wall motion. Of the four patients with | 
localized wall abnormalities wall motion returned to 
normal in three and was unchanged in one. Of the 12 
patients with generalized hypokinesia, wall motion 
improved in 8 (returned to normal in 6) and was un- 
changed in 4. Thus, 11 (69 percent) of the 16 patients 
with abnormal wall motion before operation showed 
significant improvement after operation. 
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FIGURE 6. Changes in cardiac index (liters/min per m?)in 42 patients ^. 
restudied after aortic valve replacement. B meam N.S: = notsig- — — 
nificant; POST = postoperative; PRE = preoperative. ; 3 








Nineteen of the restudied 42 patients were found to 
have coronary artery disease. Analysis of preoperative 
segmental wall motion showed that 4 of the 42 patients 
(21 percent) had a normal pattern of left ventricular 


.— contraction, 8 (42 percent) had localized abnormalities 


of wall motion and 7 (37 percent) had generalized hy- 
pokinesia. Twelve of these 19 patients subsequently 
underwent combined valve replacement and coronary 
bypass grafting. In 4 of the 12 wall motion was initially 
normal and was unchanged after operation; among 5 
patients with initial localized abnormalities wall motion 
returned to normal in 4 and was unchanged in 1 (after 
occlusion of the bypass graft) and among 3 patients with 
generalized hypokinesia, wall motion was unchanged 
in 2 who had had a preoperative myocardial infarction 
and was improved in 1 patient although there was a 
residual localized wall motion abnormality. Thus, of the 
12 patients undergoing combined valve replacement 
and coronary bypass grafting, 8 (75 percent) showed a 
normal pattern of contraction after operation. 

. Seven patients with coronary artery disease un- 
derwent isolated valve replacement. Five patients in 
this group had generalized hypokinesia preoperatively; 
postoperatively, the contraction pattern improved in 
three patients and was unchanged in two. Two further 
patients had localized abnormalities of wall motion 
preoperatively; the contraction pattern was unchanged 
in one and improved in one. However, despite the im- 
proved contraction pattern in four of the seven patients 
who had coronary artery disease but did not undergo 
bypass grafting, three of the four subsequently died 
after a myocardial infarction and the subsequent de- 
velopment of ventricular failure. Of the three patients 
showing no improvement in segmental wall motion, two 
had a perioperative myocardial infarétion and both 
subsequently died. Changes in segmental wall motion 
were closely reflected in changes in ejection fraction 
(Fig. 7). l 

Postoperative aortic valve function: Aortic 
regurgitation was present after operation in 9 of the 42 
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patients re-investigated but was never more severe than 
grade 1/4 as assessed with aortic root angiography. Al- 
though patients did not routinely undergo exercise 
testing at the time of cardiac catheterization, no patient 
showed a gradient across the homograft valve at rest. 


Hlustrative cases: Figure 8 shows examples of radial 
analysis of segmental wall motion before and after op- 
eration. In Figure 8A the preoperative analysis shows 
marked generalized hypokinesia. Two years after op- 
eration the contraction pattern returned to normal, and 
this change was associated with an increase in ejection 
fraction from 0.29 to 0.66. 

Figure 8B illustrates marked preoperative segmental 
hypokinesia affecting principally the inferior surface 
and, to a lesser extent, the anterior surface. Three years 
after operation, which did not include coronary bypass 
grafting, the contraction pattern returned to normal 
despite the presence of diffuse triple vessel disease, and 
the ejection fraction increased from 0.31 to 0.81. How- 
ever, 6 years after operation this patient sustained a 
major myocardial infarction with the subsequent de- 
velopment of left ventricular failure, and he died 2 
months later. 

Figure 8C illustrates severe left ventricular hypoki- 
nesia affecting the inferior surface in a patient with 
normal coronary arteries; the contraction pattern im- 
proved after valve replacement. 

Figure 8D shows severe preoperative generalized 
hypokinesia that was not changed in subsequent in- 
vestigation 18 months after operation. This patient had 
normal coronary arteries and, despite satisfactory valve 
function, died with left ventricular failure 2 years after 
valve replacement. 


Discussion 


Determinants of left ventricular function in 
aortic stenosis: Changes in ejection fraction have been 
widely used in the assessment of left ventricular func- 
tion following cardiac surgery and as a prognostic guide 
in the surgical treatment of coronary and valvular heart 


CORONARY ARTERY DISEASE 


iu AVR. + CABG. AVR - CABS. 
No. of patients 12 No. of patents 7 
a 
5 0.60 806 80,59 
Z 
z 
e 
= 0.40 
a 
s 80.33 
0.20 
FIGURE 7. Changes in ejection fraction in relation 
p« 0. 001 p«0. 05 p«0. 001 to coronary artery disease in 42 patients restudied 
after aortic valve replacement (A. V.R.). C.A.B.G. 
Í 1 I 1 f l = coronary bypass grafting; other abbreviations 
PRE-OP POST-OP — PRE-OP POST-OP — PRE-OP POST-OP as in Figures 2 and 4. 


934 


May.1979. The American Journal of CARDIOLOGY Volume 43 











VENTRICULAR FUNCTION AFTER AORTIC VALVE REPLACEMENTTHOMPSON ET AL. 





Uu ` "suonoeag uonoele eJe qO-LSOd PUE dO-d aepun saoquanu our "(spejap 40} 1x9) oos) syuoned feuuou jo 
dnaouB € ur Paurmiqo SOnre^ ves aui uoa uonerep plepues {F posada saug payop our “(sie jepuozpou) aue qepe our 15üreDe (spre geste) Duiuepious powod eut : 





Sous 10jd uoe3 "sjuoned ano; ur jueueserdel oea auoe (steued HON 'dO-150d) ye pue isjoued yal 0-31) 940jeq uonour pem jejueudbos Jo sishjeur pper ^g anod 


Lepaan G RING 


vw. soot wars cot voz coe wo 
| 
li 





ONTN31N0HS 


«o0 
40-1804 


— 


19338030! FONG 
goose oot gore gos Fozi . 
M en ees ned - 











t8 

oNINJLINOHS Z © 
wo 

d0-150d 


igdaesc) qu 
vost oor oort goer Cof iro? oo 


ruleta Ao dul Vio es 
| 





* 
d0-3id 


M 


ig934BO301 FONE 
roo oo 
-- 












gow code gore gogi gozi A 
Me whe —— "P "T Y 
e 

o 
go 

e 

ind 

o 

w 

| 

Lg 

ONINSIMOHS 2b 

Ted 

dd 


TERRA. 3 NN 


woe ooe crc gogi 


wont $09. vo 


poer ptm Pandan 






mann 


990 
40-1504 


LARIM ONE 


oog  qcooc Tore oogt 
r — 


Pt a 


voz roo on 
deret 











ONINSIHOHS 


990 
40-150d 





SNIN3180HS 7 


(83380301. FONE 


voc voor cort dog: OR iro» OD 


Maori retener titan inside 





19338030! SONG 
goss ooog Gore vogi MOU O09 ro 
nue eer mans 


ph 














3 
*9 

E : 
] 
3 
k . 





disease.+1.!2 In patients undergoing valve replacement, 
changes in afterload may, in theory, alter ejection 
fraction in the absence of any change in myocardial 
performance. This was suggested by the work of Lewis 
and Gotsman,!? who found a linear and inverse relation 
between ejection fraction and peak systolic gradient 
across the aortic valve in six patients with aortic ste- 
nosis. We have not confirmed these findings in 103 pa- 
tients in whom there was no correlation between systolic 
gradient and ejection fraction. More recent work!* has 
suggested that left ventricular afterload is not a major 
determinant of poor myocardial performance and, 
therefore, subsequent changes in left ventricular func- 
tion are not simply a reflection of decrease in afterload. 
Furthermore, no change in ejection fraction was ob- 
served in our series after operation in patients with good 
preoperative left ventricular function despite reduction 
in left ventricular afterload. 'T'his finding was in marked 
contrast to the increase in ejection fraction seen in pa- 
tients with poor left ventricular function. Compared 
with ejection fraction, quantitative analysis of left 
ventricular segmental wall motion provides a more 
- sensitive index of overall left ventricular contraction 
because it allows analysis of changes in ventricular 
segments that may not be revealed by measurements 
such as ejection fraction that indicate overall myocardial 
performance. Improvement in one myocardial segment 
may be accompanied by deterioration in another 
without change in ejection fraction. 


Etiology of poor left ventricular function in pa- _ 


tients with aortic stenosis: remains uncertain. Lewis 
and Gotsman?? showed that increasing severity of aortic 
stenosis as judged by systolic gradient was associated 
with reduction in ejection fraction and diastolic com- 
pliancé. Similarly Krayenbuehl et al.!? found evidence 
of impaired contractility with increasing left ventricular 
muscle mass in patients with aortic stenosis or aortic 
regurgitation and concluded that the extent of hyper- 
trophy was more important for the decreased contrac- 
tility than the nature of the stimulus to hypertrophy. 
In the present series we could find no evidence on the 
basis of clinical or hemodynamic variables including 
aortic valve area, cardiac index and peak systolic valve 
gradient that poor left ventricular function was asso- 
ciated with more severe degrees of aortic stenosis. The 
duration of aortic stenosis may play an important role 
in the etiology of left ventricular dysfunction, although 
we were unable to establish this in our study. Because 
most patients do not present until symptoms are es- 
tablished it is not possible to determine with any degree 
of accuracy the duration of hemodynamically significant 
valve obstruction. This could only be established by 
serial investigation of patients with various degrees of 
aortic stenosis. 

Role of coronary artery disease: Poor left ven- 
tricular function was not related to age in this series. 
However, there was a marked preponderance of men in 
this group with impaired left ventricular function, but 
this greater prevalence was not associated with an in- 
creased incidence of coronary artery disease. Linhart 
et al.!6 drew attention to the large incidence of coronary 
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artery disease in patients with aortic stenosis and the 
high operative mortality in these patients. Since then, 
the reported incidence of coronary artery disease in . 
patients with aortic stenosis has ranged between 22 and 
64 percent.!7-2! Although in our series only 40 of the 45 
patients in Group B (low ejection fraction) underwent 
coronary angiography before operation, 40 percent had 
coronary artery disease. Despite normal coronary ar- 
teries myocardial perfusion may be severely reduced in 
patients with aortic stenosis.22 A prolonged systolic 
eiection time and tachycardia may reduce diastolic 
coronary filling and coronary perfusion particularly to 
subendocardial zones.?* Additional factors restricting 
coronary flow include abnormal flow patterns in the 
aortic root,*4 a low mean aortic pressure and increased 
left ventricular systolic wall tension.” Coronary artery 
disease further compounds the restriction of myocardial 
blood flow. This is probably reflected in our series by the 
finding of a greater prevalence of localized abnormalities 
of segmental wall motion in patients with coronary ar- 
tery disease, although such abnormalities were not ex- 
clusive to patients with coronary artery disease.?9 

Clinical predictors of poor left ventricular 
function: It has been difficult to predict poor left ven- 
tricular function on the basis of clinical criteria. Al- 
though the incidence and severity of shortness of breath 
were greater in those with poor left ventricular function 
this symptom was not exclusive to these patients. Our 
Croups A and B did not differ significantly in the du- 
ration of symptoms, heart size or electrocardiographic 
signs of left ventricular hypertrophy. However, con- 
duction defects were more common in patients with 
poor left ventricular function. In approximately one 
quarter of the patients in Group B poor left ventricular 
function was already established despite only minimal 
symptoms. 

Postoperative improvement ir left ventricular 
function: Although most patients with poor preoper- 
ative left ventricular function derived considerable 
benefit from operation, gaining both relief of symptoms 
and improvement in the quality of life, the overall im- 
provement was less consistent than in those with normal 
preoperative left ventricular function. There were no 
early deaths in the patients with a low preoperative 
ejection fraction, and actuarial analysis showed no 
difference in survival between the two groups of patients 
at a follow-up time of 6 years. Smith et al.?? in a series 
of 19 patients with aortic stenosis and impaired left 
ventricular function, reported an early mortality rate 
of 21 percent with a 3 year survival rate of 74 percent. 
The discrepancy between these data and those of our 
series may be related to differences in the prevalence 
of coronary artery disease or to improved techniques of 
myocardial preservation. It has been our practice to 
combine moderate degrees of hypothermia with con- 
tinuous coronary perfusion in patients undergoing both 
isolated aortic valve replacement and in patients 
undergoing additional coronary bypass grafting. 

Combined coronary bypass grafting and aortic 
valve replacement: As in previously reported se- 
ries,792? improvement in left ventricular function oc- 
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curred in a high proportion of patients reinvestigated 
and, in our series, occurred at least in the short-term in 
- patients with.coronary artery disease who did not un- 
dergo bypass grafting. However, subsequent follow-up 
has shown that despite initial improvement in left 
ventricular fünction in patients with coronary disease 


without bypass grafting, the condition of most has de- 





* teriorated as a consequence of progression of coronary 
— artery disease and myocardial infarction with associated 
. deterioration in left ventricular function. This group 

;cconstituted a major cause of mortality. Many re- 


ports?93? have shown that coronary bypass grafting can 
be safely combined with aortic valve replacement. In a 
previous report?* of 40 patients with aortic stenosis 


- undergoing combined valve replacement and coronary 


bypass grafting at this center, both the early and late 
mortality rates were not significantly different from 
those of patients undergoing either isolated valve re- 
placement or isolated coronary bypass grafting. Simi- 
larly the incidence of perioperative and late infarction 
in this group was not significantly different from that 


of patients undergoing coronary bypass grafting alone. 
The poor prognosis of triple vessel coronary artery 


disease, particularly when associated with impaired left 
ventricular function, is well established.?5-?? The good 
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clinical results, with low early and late mortality in 
combined aortic valve replacement and coronary artery 
bypass grafting, have encouraged us to believe that this 
is a valuable procedure that in the longer term may fa- 
vorably influence the prognosis and reduce late myo- 
cardial infarction in patients with aortic stenosis and 
ischemic heart disease. x 

Advantages of homograft aortic valve: Changes 
in left ventricular function after valve replacement are 
also probably influenced in part by the type and effi- 
ciency of the valve substitute used. A homograft valve 
provides almost ideal hemodynamic characteristics 
providing that significant regurgitation is absent. A- 
previous report from this center?? showed that trivial 
or mild aortic regurgitation was present in 23 percent 
of patients at 5 years after homograft replacement of the 
aortic valve and significant regurgitation in only 1.2 
percent. Although systolic murmurs were common, no 
systolic gradient across the homograft could be dem- 
onstrated at rest or on exercise in 72 patients undergoing- 
routine cardiac catheterization after operation. These 
results have encouraged us to continue to perform ho- 


mograft valve replacement and, when necessary, addi- 


tional coronary bypass grafting in patients with poor left. 
ventricular function. 
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l se of Apexcardiography To Evaluate Left Ventricular 
| Diastolic Compliance in Human Beings 


The relation between various relative amplitude measurements of the left _ 
apexcardiogram and internally derived indexes of diastolic compliance 
of the left ventricle was studied in 29 patients. Simultaneous high fidelity 
recordings of the left apex tracing and left ventricular pressure were ob- 
tained in 11 patients without left ventricular disease (group |) and 18 — 
patients with congestive cardiomyopathy (group Il). in 204 normal subjects 
the ratio of the A wave amplitude to the total diastolic deflection (A/D 
ratio) of the left apexcardiogram was 31.4 + 11.4 (mean + standard 
deviation) percent, the ratio of the A wave amplitude to the total height - Uv 
(A/H ratio) 8.9 + 4.3 percent and the D/H ratio 30.4 + 14.7 percent. The 
A/D and A/H ratios were significantly (P «0.001 and P <0.005) increased | 
in group li (69.2 + 12.2 percent and 16.8 + 8.2 percent, respectively); — 
they were within normal limits in group I. In contrast, the D/H ratio was. 


within normal limits in both groups of patients. 


The A/D ratio correlated significantly better with specific compliance - 
(AV/AP*V) (r = —0.87) than did the A/H ratio (r = —0.53), whereas 
similar correlations were obtained with end-diastolic volume compliance —__ 
(dV/dPV) (r = —0.61 and r = —0.64, respectively). In contrast, the D/H 
ratio correlated significantly only with end-diastolic distensibility index 
(dV/dP) (r = —0.52). It is concluded that A wave amplitude/total diastolic 
deflection (A/D) ratio and, to a lesser degree, the A wave amplitude/total 
height (A/H) ratio of the left apexcardiogram correspond best to diastolic 
compliance and are useful noninvasive measurements of this property 


of the left ventricle. 


The evaluation of the diastolic properties of the left ventricle has mainly 
depended on data obtained with invasive methods. Many investigators!-? 
have developed methods of determining the diastolic pressure-volume 
relations of the left ventricle in man and estimating diastolic compliance. 
These measurements have been utilized to aid in interpreting some signs 
and symptoms related to decreased left ventricular diastolic distensi- — 


bility! or to gain prognostic information.* 


The left apexcardiogram has been shown to reflect left ventricular 
events accurately in a qualitative!9-1^ and also in a quantitative fash- 
ion.16-19 The A wave of the left apex tracing mirrors diastolic events 
directly recorded from the left ventricle, 197? reflecting the impact of the 
late atrial contribution on the filling or already filled left ventricular 
cavity. In patients with various cardiovascular diseases, an abnormal 
increase in the height of the A wave has been described.?!-?! Several 
authors?5-?? have found that the ratio of the height of the A wave and. 
of the total diastolic deflection to the total vertical amplitude as well as _ 
the ratio of the A wave amplitude to the diastolic deflection of the apex: _ 
tracing correlated with left ventricular end-diastolic pressure. ve 

The purpose of this study was to assess the validity of these relative — 
amplitude measurements derived from the left apexcardiogram as _ 
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noninvasive indexes of diastolic compliance of the left 
ventricle. Specifically, we compared the correlations 
between these noninvasive measurements and various 
internally derived indexes of left ventricular compliance 
as well as the sensitivity of the former for distinguishing 
patients without or with only slight left ventricular 
disease and normal diastolic compliance from patients 
with congestive cardiomyopathy. 


Methods 


Subjects: Apexcardiograms were recorded in 233 subjects. 
All showed sinus rhythm; the QRS complex did not exceed 
0.10 second in duration. In 204 healthy volunteers apex trac- 
ings alone were recorded, whereas in 29 patients the apex- 
cardiograms were obtained during cardiac catheterization. In 
the patients who underwent catheterization premedication 
consisted of 10 mg of chlordiazepoxide given orally 1 hour 
before the procedure. 

The 204 normal subjects ranged in age from 17 to 60 years 
(mean + standard deviation 38 + 18 years). None had a pre- 
vious history of heart disease and, before registration, all had 
had normal findings on a complete physical examination, 12 
lead electrocardiogram and chest X-ray film. 

Patients with hemodynamic and angiographic data were 
separated into two subgroups for the purpose of analysis. 
Patients without or with only slight pressure or volume 
overload of the left ventricle constituted group I; patients with 
congestive cardiomyopathy constituted group Il. 

Gróup I (control subjects) comprised 11 patients, 7 women 
and 4 men. Three had a functional murmur. Three had a small 
patent ductus arteriosus and one a small ventricular septal 
defect, all of them with a left to right shunt of less than 15 
percent of the pulmonary flow. One patient had a small atrial 
septal defect (left to right shunt of 35 percent of pulmonary 
flow), one a slight pulmonary valve stenosis (pressure gradient 
18 mm Hg), one a mild form of coarctation of the aorta 
(pressure gradient 9 mm Hg) and one a stenosis of the truncus 
brachiocephalicus and slight arterial hypertension. 

Group IT comprised 18 patients, 16 men and 2 women. None 
of the 18 patients had evidence of amyloidosis or hemochro- 
matosis or a previous history of respiratory infection or per- 
imyocarditis; in 3 patients alcohol abuse may have been a 


ACG 





FIGURE 1. The method of measurement for apexcardiographic relative 
amplitude ratios. A simultaneous left apexcardiogram (ACG), electro- 
cardiogram (ECG) and phonocardiogram (PCG) were taken from a 
normal subject. A = height of the A wave; D = total diastolic deflection; 
H = total vertical height of the apex tracing. Paper speed is 200 
mrn/sec. in this example, the A/D ratio is 22.7 percent, the A/H ratio 
9.4 percent and the D/H ratio 40 percent. 
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factor in the cardiomyopathy. The functional class (New York 
Heart Association criteria??) was class I in five patients (28 
percent), class II in six (33 percent), class III in four (22 per- 
cent) and class IV in three patients (17 percent) with clinical 
and radiologic evidence of severe congestive heart failure. The 
hemodynamic and angiographic data revealed that seven 
patients had no valve disease, but two of these seven had labile 
arterial hypertension. Nine patients showed mild mitral 
regurgitation; one had additionally slight aortic stenosis 
(pressure gradient 15 mm Hg by planimetry) as well as slight 
aortic incompetence, and one had mild arterial hypertension. 
One patient had a small patent ductus arteriosus associated 
with labile arterial hypertension and one a small ventricular 
septal defect with.a left to right shunt of 12 percent of the 
pulmonary flow. 

No patient who underwent catheterization had signs of 
localized wall motion abnormalities on left ventricular cine- 
angiography or evidence of coronary artery disease on selective 
coronary arteriography. 

Apexcardiography: All apexcardiographic and pressure 
tracings were recorded on an Electronics for Medicine DR-8 
or DR-16 photographie recorder at a paper speed of 200 
mm/sec (Fig. 1 and 2). All apex tracings were obtained at the 
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site of the maximal apical impulse with the patient in the left 
recumbent position. The recording device has been previously 


(^c deseribed!-17-19; the pulse transducer constructed in our 


laboratory consists basically of a Marey capsule with the in- 
terior surface directly connected to a Bio-Tec transducer 
(BT-250T). This system has an infinite time constant.!5 
Figure 1 shows how the amplitude of the waves of the apex- 
cardiogram was measured. 

The following fractions of amplitude of apexcardiographic 
waves were calculated and ex pressed as a percent: the rela- 
tive magnitudes of the A wave in relation to the total outward 
^ movement (A/H ratio) and to the total diastolic deflection 
(A/D ratio) as well as the relative magnitude of the diastolic 
deflection in relation to the total vertical deflection (D/H 
ratio). These methods of expressing the apexcardiographic 
data were originated by Benchimol and Dimond," Rios and 
Massumi?? as well as Voigt and Friesinger,?9 who first intro- 
düced the A/H, D/H and A/D indexes, respectively. For each 
measurement five heart cycles were averaged. 

Left heart catheterization and angiography: After right 
heart catheterization a Statham SF;-tip manometer was in- 
troduced into the left ventricle either by a retrograde route 
or after puncture of the septum. The pressure in the ascending 
aorta was measured using a second SF,-tip manometer or a 
^. Statham P23Db pressure transducer connected to a red 
.: Oedmann catheter. 

The following hemodynamic measurements were made: 
left ventricular systolic and end-diastolic pressures as well as 
the lowest left ventricular pressure recorded in early diastole, 
systolic and diastolic aortic pressures and the difference be- 
tween the left ventricular end-diastolic and the lowest early 
diastolic pressure. The left ventricular end-diastolic pressure 
was taken at the junction of the downslope of the A wave with 
the upstroke of the left veritricular pressure curve.? 

Left ventricular cineangiograms were performed in the 
right anterior oblique position about 1 hour after the pressures 
and apex tracings were recorded. Contrast dye (Urographin 
76 percent, Schering, Berlin) was delivered in amounts of 25 
to 45 ml by an electrocardiogram-triggered power injector 
(Contrac, Siemens, Zurich). Angiographic determinations of 
left ventricular end-diastolic and end-systolic volumes were 
made using the single plane method of Greene et al.?! The 
ejection fraction was calculated according to the area-length 
method of Dodge et al.3? All cineangiographic measurements 
were corrected for magnification, and all volumes were ex- 
pressed in milliliters per square meter of body surface area. 

Caleulations of diastolic compliance: “Compliance” is 
a general term relating to the overall passive diastolic pres- 
sure-volume characteristics of the ventricle. Because no single 
index of ventricular compliance has been accepted as the 
standard, compliance was assessed in the present study using 
the following five formulas: 

1. Reciprocal of the passive elastic modulus = AV/AP. 

2. Specific compliance (SC) = AV/AP-1/Ves. 

3. Slope of the In P-V relation (k) = (in P — In b)/Ved. 

4. End-diastolic volume distensibility index = dV/dP = 
kP. 

5. End-diastolic volume compliance = dV/dPV = 1/k-P- 
Ved. 

In these formulas, AV = left ventricular diastolic volume 
change or angiographic stroke volume calculated as the end- 
diastolic volume index minus the end-systolic volume index 
in ml/m?; AP = left ventricular diastolic pressure change 
calculated as the end-diastolic pressure minus the lowest early 
; diastolic pressure; P = left ventricular end-diastolic pressure; 
Ved = end-diastolic volume index; Ves = end-systolic volume 
- index; k represents the slope of the logarithmic pressure- 


May 1979 The American Journal of CARDIOLOGY Volume 43- 941  — 


APEXCARDIOGRAPHY AND DIASTOLIC COMPLIANCE-—MANOLAS ET AL. ; 


volume relation assuming a constant positive pressure inter- 
cept (b) at 0 volume of 0.43, which has been found in the in 
vitro dog heart?; and dV/aP represents the inverse slope of a 
tangent to the pressure-volume curve at end-diastole. The 
theory and derivations of formula 1 were described in detail 
by Diamond and Forrester,! those of formula 2 by Smith et 
al.,4 and those of formulas 3 to 5 by Gaasch et al.37-2 


Resuits 


Hemodynamic indexes: The average values and 
ranges of the hemodynamic and apexcardiographic - 
measurements are given in Table I. In the control group 
(group D, the average value for left ventricular end- 
diastolic pressure was 10 mm Hg; the average values for 
end-diastolic volume index, end-systolic volume index, 
stroke volume index and ejection fraction were 85 
ml/m?, 26 ml/m?, 59 ml/m? and 69 percent, respectively. 
These values are in agreement with previously reported 
data in a group of normal subjects from our laboratory.?? - 
The average values for specific compliance, the recip- 
rocal of the passive elastic modulus, the slope of the 
logarithmic pressure-volume relation, the end-diastolic 
distensibility index and end-diastolic compliance were 
0.372 mm Hg™!, 9.03 ml/m? per mm Hg, 0.038, 2.76 
ml/m? per mm Hg and 3.29 mm Hg™! X 1072, respec- 
tively. These values are in accord with those previously 
reported from this laboratory?^ and by others.!-?8 The 
average end-diastolic pressure as well as end-diastolic 
volume and end-systolic volume indexes of the left 
ventricle in the patients with congestive cardiomyopa- 
thy (group ID were significantly higher (21 mm Hg, 159 
ml/m? and 97 ml/m?, respectively) and the average 
ejection fraction significantly lower (41 percent), 
whereas the stroke volume index was not statistically 
different from that of the control group. 

The average values for specific compliance, slope of 
the In P-V relation and end-diastolic compliance in 
group II were statistically reduced (0.095 mm Hg}, 
0.026 and 1.61 mm Hg^! X 1072, respectively). In con- 
trast, the average values for the reciprocal of the passive 
elastic modulus and end-diastolic distensibility index 
in group Il were not statistically different from control 
values in group I. Furthermore, the average lowest left 
ventricular pressure in early diastole was statistically 
higher in group IL In contrast, the average difference 
between left ventricular systolic, early diastolic and 
end-diastolic pressure as well as diastolic aortic pressure 
were not statistically different in the two groups. 

Apexcardiographie measurements: The relative 
amplitude of the A wave to total diastolic deflection and 
to total height of the apex tracing as well as the relative 
magnitude of the total diastolic deflection to total height 
showed no significant correlation with age in the normal 
subjects. In these subjects the mean values of these 
measurements did not differ between women and 
men. : 

Magnitude of A wave in relation to total diastolic - 
deflection (A/D ratio): This ratio averaged in normal 
subjects 31.4 + 11.4 percent (mean + standard devia- 
tion) with a range of 9.1 to 54.3 percent. The mean value : 
of this ratio was significantly increased in group I1 (69.2. 





























Group Il P 

(no. = 18) Value 
42 + 10; (28-62) <0.02 
76 + 19; (69-117) <0.02 
69.2 + 12.2; (44.4-90.9) <0.001 
16.8 + 8.2; (3.8 -31.3) <0.005 
24.5 + 11.5; (5.1-42 2) NS 
126/11/21 + 30/9/10; NS/«0.001/«0.005 


(90-182/2-32/11-41) 
10.1 + 5.6; (4-27) NS 


125/81 + 28/14; NS/NS 
(90—179/55—108) 
159/97 + 49/42; <0.061/<0.001 


(83-230/38- 166} 
62 + 20; (39-102) NS 


TABLE 1 
Apexcardiographic and Cardiac Catheterization Data (mean + 1 standard deviation and range) 
Group | 
(no. = 11) 
Age (yr) 31+ 14; (19-59) 
Heart rate 77 & 18; (43-112) 
(beats/min) 
A/D ratio (96) 27.6 + 12.8; (25.0-41.7) 
A/H ratio (96) 8.3 + 4.1; (3.5-16.7) 
D/H ratio (96) 25.5 + 10.3; (14.0—45.8) 
LVP (mm Hg) 129/4/10 + 21/2/2; 
(101-159/1—6/6- 12) 
AP (mm Hg) 6.8 + 1.9; (4-10) 
AoP (mm Hg) 129/83 + 21/12; 
(101-159/62-96) 
EDVVESVI 85/26 + 13/7; 
(mi/m?) (62-97/16-34) 
SVI (mi/m*) 59 + 13; (38-81) 
EF (95) 69 + 8; (61-84) 
AV/AP (mi/m 2 per mm Hg) 9.03 + 2.20; (7.13-14.75) 
Specific 0.372 + 0.094; (0.210—0.506) 
compliance 
(mm Hg ^) 
So Kt-) 0.038 + 0.006; (0.029-0.210) 
.. dV/dP (mi/m? per mm Hg) 2.76 + 0.81; (1.75-4.39) 


dV/dPV (mm Hg! X 10-2) 3.29 + 1.14: (2.49-6.36) 
- .* P (probability) values obtained with unpaired Student's t test. 





41 + 13; (23-59) «0.001 
8.09 4: 5.79; (2.41-23.25) NS 
0.095 + 0.062; (0.029-0.213) «0.001 
0.026 + 0.009; 0.015—0.044) «0.005 
2.57 + 1.57; (0.71—5.56) NS 
1.61 + 0.81; (0.53-3.12) «0.005 





A/D ratio = relative amplitude of the A wave to the total diastolic deflection of the apex tracing; A/H ratio = relative amplitude of the A wave 
to the total vertical height of the apex tracing; AoP = ascending aortic pressure (systolic/diastolic); D/H ratio = relative amplitude of the total diastolic 
to the tota! vertical deflection of the apex tracing; AP = difference between left ventricular end-diastolic pressure and the lowest left ventricular 

. pressure in early diastole; AV/AP = reciprocal of the passive elastic modulus; dV/dP = left ventricular end-diastolic distensibility index; dV/dPV 
= left ventricular end-diastolic compliance; EDV! = left ventricular end-diastolic volume index; EF = ejection fraction; ESV! = left ventricular end- 


systolic volume index; k = slope of the 
NS = not significant (P >0.05); SVI = stroke volume index. 


+ 12.8 percent), but it was within normal limits (27.6 + 
12.2 percent) in group L Correlation coefficients were 


calculated for the total cohort of the patients undergo- 


ing catheterization using internally derived measures 
as independent variables and the A/D ratio as a de- 
pendent variable (Table II). The highest degree of 
correlation was found with specific compliance (r = 
—0.87, P «0.001) (Fig. 3, top). The A/D ratio showed, 
further, highly significant (P «0.001) correlations with 
end-systolic volume index (r = +0.68) and with end- 
diastolic compliance (r = —0.61) (Fig. 3, bottom). Sta- 
.. tistically less significant (P «0.01) were the positive 
relation with end-diastolic volume index (r = +0.56) 
and the negative relations with the slope of the In P-V 
relation (r = —0.47) and with the reciprocal of the pas- 
sive elastic modulus (r = —0.39). Weak positive asso- 
ciations were also present with left ventricular end- 
diastolic pressure as well as with the difference between 
end-diastolic and lowest early diastolic pressures. 


TABLE li 


logarithmic pressure-volume relation; LVP = left ventricular pressure (systolic/lowest diastolic/and-diastolic); 


Magnitude of A wave in relation to total vertical 
deflection (A/H ratio): This widely used apexcardi- 
ographic index averaged in normal subjects 8.9 + 4.3 
percent (range 2.1 to 17.2 percent). This average value 
is in agreement with values found by Rios and Massu- 
mi?? and Parker et al.?? in groups of normal subjects. 


The A/H ratio was statistically higher (16.8 + 8.2 per- . 


cent, P <0.005) in group II and within normal limits (8.3 
+ 4.1 percent) in group I. Linear regression analysis was 
performed between the A/H ratio and internally derived 
measures (Table II). There was a highly significant (P 
«0.001) correlation between the A/H ratio and end- 
diastolic compliance (r = —0.64) and a less significant 
(P «0.01) correlation between the A/H ratio and end- 
diastolic distensibility index (r = —0.55) as well as 
specific compliance (r = —0.53). Furthermore, signifi- 
cant positive relations were present with the left ven- 
tricular end-diastolic pressure (r = +0.65, P <0.001) 
and with the lowest early diastolic pressure (r = +0.44, 


Correlations {r values) Between Apexcardiographic and Internally Derived Indexes in 29 Patients 


Undergoing Cardiac Catheterization 








LVEDP  LVPo AP EDVI ESVI 
A/D  +0.46* (+0.25) | 049! — 0.56! +0.68? 
A/H 40.65 +0.44" 0.56! (0.19) (40.25) 
D/H 40.88 (+0.31)  (-0.24)  (—0.18)  (—0.20) 





«1,1 = P (probability) values of «0.05, «0.01 and «0.001, respectively. 





Svi AV/AP sc k dV/dP — dV/dPV 
(-0.15) — —0.39' | —0.875 ~0.477 (-0.08)  —061: 
(—0.11)  (—0.25) | —0.58!  (—0.04)  —0.55!  —0.64! 
(-0.02)  (—0.17)  (-0.06) (40.269 | —0.52! (—0.27) 





ly 
Values in parentheses indicate that the correlation was not significant (P 70.05). 
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P <0.05) as well as with the difference between these 

pressures (r = +0.56, P <0.01). 

“Magnitude of diastolic deflection in relation to 
total vertical deflection (D/H ratio): The mean value 

of the D/H index in our normal subjects—30.4 + 14.7 


u percent (range 13.1 to 44.5 percent)—was somewhat 


higher than the average value found by Rios and Mas- 
sumi” in 50 normal subjects. The average value for this 
ratio was slightly, but not significantly, lower than 
normal in both group I (25.5 + 10.3 percent) and group 
11 (24.5 + 11.5 percent). Thus, the mean value of the 
D/H ratio was within normal limits in both groups of 
patients. Table II shows the relations between the D/H 
ratio and internally derived indexes. A significant (P 
<0,01) negative correlation was present with the end- 
diastolic distensibility index (r = —0.52). There was 
poor, although significant, positive correlation with left 


| ventricular end-diastolic pressure (r = +0.38). 


Discussion 


Changes in ventricular volume and myocardial 


_. firmness were suggested as two of the major mecha- 


nisms in the genesis of the apical displacement and its 


graphic representation, the apexcardiogram.?536 Recent 


reports!^-1637 have noted that the configuration, time 
course and slope of the left apexcardiogram are signif- 
icantly correlated with left ventricular pressure. It has 
also been shown!’-!9 that time intervals, which can 
easily be measured in the apex tracing and its first de- 
rivative, correlate with indexes of myocardial function 
derived internally during systole. Several authors?5-?9 
have demonstrated that the relative height of various 
diastolie waves of the left apex tracing are related to left 
ventricular end-diastolic pressure. However, the im- 
portance of this relation is rather limited because a 
meaningful interpretation of left ventricular end-dia- 
stolic pressure in the analysis of left ventricular function 
can be made only when the relation between filling 
pressure and end-diastolic volume is known. For this 
purpose, we compared in this study three relative am- 
plitude indexes derived from the left apexcardiogram 
with several internally derived indexes of left ventric- 
ular diastolic compliance using simultaneous high fi- 
delity apex and left ventricular pressure tracings re- 
corded just before angiocardiography. 

Relative A wave amplitude of left apexcardio- 
gram: The A wave of the apex tracing has been related 
to left ventricular function. The precise mechanism of 
the A wave elevation in the diseased or poorly func- 
tioning left ventricle is not known. However, one might 
expect such a ventricle to respond poorly to the added 
burden of atrial systole because impaired distensibility 
leads to disproportionate intraventricular pressure- 
volume changes that are reflected by an increase in the 
precordial A wave. Some have considered the A wave 

_of the apex tracing an indicator, not necessarily quan- 
< titative, of changes in the level of left ventricular end- 
diastolic pressure and have attempted to demonstrate 
© this by comparing this pressure with the amplitude of 
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the A wave in relation to the total diastolic or total 
vertical deflection of the apexcardiogram. 

Ratio of A wave height to total diastolic deflec- 
tion (A/D ratio): The relation between this index and 
left ventricular end-diastolic pressure was first exam- 
ined by Voigt and Friesinger?? who did not find any 
useful correlation. The most important finding of our 
study is the close inverse correlation of the A/D ratio 
with specific compliance (r = —0.87). Further, all pa- 
tients with values over 44 percent for the A/D ratio had 


congestive cardiomyopathy. Thus, the A/D ratio sepa- = c 


rated these patients from those without left ventricular. 
disease. 


We have considered the reasons for the close relation 


between the A/D ratio and specific compliance. Because 
calculation of specific compliance requires several 
measurements of pressure and volume, regression: 
analyses between the A/D ratio and left ventricular 
end-diastolic pressure, lowest early diastolic pressure, 
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FIGURE 3. Linear regression analyses. Top, between specific com- 

pliance (SC) and the A/D (left) and the A/H (right) ratios. Bottom, .- 
between left ventricular end-diastolic volume compliance (avide) and : 
the A/D (left) and the A/H (right) ratios. : 
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stroke volume index as well as end-systolic volume index 
were performed to investigate which of these variables 
correlated best with the A/D ratio. The A/D ratio 
showed the highest degree of correlation with end-sys- 
tolic volume index. Smith et al.* reported that, in pa- 
tients with coronary artery disease, “the end-systolic 
volume predicts the size of abnormally contracting 
segments"; we thus have a reasonable explanation for 
the ability of the A/D ratio in our study to distinguish 
between patients with a “bad” from those with a “good” 
left ventricle. In this context, it must be emphasized 
that the correlation between the A/D ratio and specific 
compliance was higher than the correlation between the 
A/D ratio and any single volume or pressure value. The 
A/D ratio also correlated highly significantly with left 
ventricular end-diastolic compliance (Fig. 3, bottom) 
and less significantly with the slope of the logarithmic 
pressure-volume relation as well as the reciprocal of the 
passive elastic modulus. These observations indicate 
that the A/D ratio calculated noninvasively from the 
apex tracing is a useful index of the diastolic properties 
of the left ventricle because it correlates significantly 
with several internally derived and widely used indexes 
of diastolic compliance. 

Ratio of A wave height to total vertical deflection 
(A/H ratio): An increase in the A/H ratio was found in 
disease states in which “the reserve of distensibility” of 
the left ventricle is impaired, usually in the presence of 
left ventricular hypertrophy.!? In aortic valve disease, 
idiopathic hypertrophic subaortic stenosis and hyper- 
tension, an abnormal increase in the A/H ratio was re- 
ported.?!-?* Ginn et al.?? demonstrated that patients 
with coronary artery disease responded to exercise by 
a near doubling of the A/H ratio and, further, that an 
elevated A/H ratio during an episode of ischemia was 
appreciably reduced with nitroglycerin therapy. Similar 
data were obtained by Benchimol and Dimond.!9!! 
Gibson et al.?® found a close correlation between the 
A/H ratio and the slope of the late diastolic left ven- 
tricular pressure/diameter relation, as calculated with 
use of a combined ultrasonic technique. They first 
suggested that the A/H ratio is related to left ventricular 
late diastolic stiffness. 

In our study, the A/H ratio had a highly significant 
correlation with left ventricular end-diastolic compli- 
ance (r — —0.64) and significantly lower correlations 
with end-diastolic distensibility index as well as specific 
compliance. However, the highest correlation was ob- 
served between the A/H ratio and left ventricular end- 
diastolic pressure (r = +0.65). Thus, because the end- 
diastolic distensibility index and end-diastolic com- 
pliance are highly dependent on left ventricular end- 
diastolic pressure—requiring both the natural loga- 
rithm of left ventricular end-diastolic pressure and this 
pressure itself for their calculation—the mentioned 
relations between the A/H ratio and the invasively de- 
rived indexes of compliance are logical in retrospect. On 
the other hand, the A/H index did not correlate with the 
slope of the logarithmic pressure-volume relation or 
with the reciprocal of the passive elastic modulus. 
Moreover, 11 of 18 patients (62 percent) with cardio- 
myopathy showed a normal value for the A/H ratio (that 
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is, less than 17.5 percent), although 5 of them (45 per- 
cent) had an elevated left ventricular end-diastolic 
pressure. This is in agreement with the findings of other 


` authors.27,25 Our data thus demonstrate that the A/H 


ratio is related to internal indexes of diastolic compli- 
ance mainly because of its correlation with left ven- 
tricular end-diastolic pressure; it is rather poorly related 
to specific compliance and not related to the slope of the 
logarithmic pressure versus volume relation. 

A/D ratio versus A/H ratio: Comparison of the 
relations of the A/D and A/H ratios with internal in- 
dexes of diastolic compliance shows that the A/D ratios 
(1) correlated with four of the five internal indexes of 
compliance, and (2) showed the highest degree of cor- 
relation obtained in this study, namely, with specific 
compliance. In this context, the relation between the 
A/D ratio and the slope of the logarithmic pressure- 
volume relation should be emphasized. The latter rep- 
resents an index of elasticity in the intact ventricle and 
describes the overall relation between left ventricular 
end-diastolic pressure and volume, suggesting whether 
a pressure-volume curve is shifted tc the right or to the 
left (the lower value for this internal index of compli- 
ance in our patients with congestive cardiomyopathy 
indicating a shift to the right). With respect to ability 
to distinguish between control subjects and patients 
with congestive cardiomyopathy, the A/D ratio sepa- 
rated the two groups of patients, whereas the A/H ratio 
did not. 

Ratio of total diastolic deflection to total vertical 
deflection (D/H ratio): This index was first examined 
by Rios and Massumi,2> who found a close relation be- 
tween the D/H ratio and left ventricular end-diastolic 
pressure. In our comparison of the relations of the D/H 
ratio to internal indexes of diastolic compliance, we 
found only one significant association: the relatively 
weak inverse correlation with the end-diastolic disten- 
sibility index (r = —0.52). There was, further, a very 
poor correlation with the left ventricular end-diastolic 
pressure. Moreover, the D/H index did not differ from 
normal in the patients with cardiomyopathy. Thus, we 
found that the D/H index showed no useful correlation 
with invasively derived indexes of diastolic compliance, 
and did not separate patients with a normal from those 
with a diseased left ventricle. 

Clinical implications: No single undisputed index 
for assessing diastolic compliance of the left ventricle 
in human beings is now available. Several quantitative 
methods of measuring compliance have been suggested. 
However, their use in the bedside evaluation of the di- 
a&tolic properties of the left ventricle is limited because 
they require cardiac catheterization and angiography. 
Our study has demonstrated that two relative ampli- 
tude indexes, the A wave amplitude to total diastolic 
deflection (A/D) ratio and A wave amplitude to total 
height (A/H) ratio derived from the left apexcardio- 
gram, a noninvasive technique, show good correlations 
with internally derived compliance indexes. However, , 
the magnitude of the correlation coefficients does not 
permit one to estimate with sufficient confidence in an 
individual subject the corresponding invasive index of 
compliance on the basis of the noninvasive index. This . 








study establishes, furthermore, the superiority of the 
A/D index over the other apexcardiographic indexes. 
We conclude that interpatient differences in left 
ventricular diastolic compliance can be evaluated 
-quantitatively and noninvasively with the use of apex- 
cardiography. However, the validity of these noninva- 
sive ratios for assessing changes in diastolic compliance 
_of the left ventricle in the same subject or in the pres- 


. ence of aortic or mitral valve disease as well as in coro- 


- . nary artery disease requires further investigation. 
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Pulmonary valve echograms recorded simultaneously with right heart 
pressures were correlated with mean and end-diastolic pulmonary arterial 
pressures and the peak magnitude of the right atrial a wave in an attempt 
to predict noninvasively ‘evels and changes in pulmonary arterial pressure. 
Satisfactory pulmonary valve echograms were obtained in 16 of 29 pa- 
tients studied. No significant correlation was found between hemodynamic 
measurements and the echographic pulmonary valve a wave amplitude, 
diastolic E-F slope or the systolic opening B-C slope. Changes in hemo- 
dynamic measurements observed in serial observations were not asso- 
ciated with predictable changes in configuration of the pulmonary valve 
echogram. The combination of mid systolic pulmonary valve notching and 
an absent a wave was observed in more advanced degrees of pulmonary 
hypertension and was specific, but not sensitive, for that condition. 


It has been suggested that the amplitude of the echographic pulmonary 
valve a wave is of value in the diagnosis of pulmonary hypertension.!? 
Similar claims had been made for the pulmonary valve diastolic E-F 
slope,” systolic opening B-C slope,! and for the presence of mid systolic 
notching. The findings of these early reports raised the possibility that 
analysis of the pulmonary valve configuration from the echogram might 
provide noninvasive guides to assess the severity of pulmonary hyper- 
tension. To evaluate this potential, the features of the pulmonary valve 
echogram were correlated with simultaneously recorded pulmonary 
arterial and right atrial pressures. 


Methods 


Patients: In 29 patients undergoing hemodynamic monitoring for the eval- 
uation and treatment of congestive heart failure, echography of the pulmonary 
valve was attempted and was successful in 16. These 16 patients, including 5- 
studied serially, form the study group. Twelve were men and four women. Eight 
patients had chronic ischemic heart disease, three had acute myocardial in- 
farction, three had congestive cardiomyopathy, one had idiopathic hypertrophic 
subaortic stenosis and one had no detectable cardiac abnormality (Table 1). 

Echocardiography: Echocardiograms were obtained using the routinely 
employed method.! A commercially available echographic instrument with a 
variety of transducers was used, and recordings were made at 10, 25 and 100 
mm/sec in all patients. Because of the presence of indwelling catheters, the. 
studies were usually performed with the patient supine or lying on his left 
side. 

Figure 1 shows the method used to measure the pulmonary valve a wave. The 
pulmonary valve diastolic E-F and systolic opening B-C slopes were measured 
according to previously described techniques. 1? When possible, the recordings 
were made during quiet respiration. The maximal a wave amplitude? was used 
when detectable respiratory variations were present (4 of 1€ patients); otherwise, 
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J TABLE 1 


Clinical, Hemodynamic and Echocardiographic Data in 16 Patients 


ECHOCARDIOGRAM AND PULMONARY PRESSURE--ACQUATELLA ET AL. 





Pressures (mm Hg) 





Pulmonary Artery 
ED 


Pulmonary Valve Echogram 








Age (yr) Diag- MS 
: E & Sex nosis RA, S/D (m) —RA, a E-F B-C Notch HR co 
E 48F CHF 9 41/23 (30) 14 0.9 13-14 410 62 43 
: GAD 4 36/18 (24) 24 6.6 9 340 60 
2 72F CHF 20 52/35 (41) 15 6.0 —6 290 96 
CAD 
3 67M MI 9 46/23 (31) 24 0.5 21 240 87 53 
4 79F CC 10 44/22 (25) 12 1.7 15 440 92 3.8 
5 53M kd 12 53/22 (30) 10 3.4 57 200 90 42 
i 
6 62M cc 6 50/22 (31) 16 1.5 -8 128 : 120 2.3 
16 55/35 (42) 19 0.8 0 650 Yes 110 43 
7 55M HTN 10 79/32 (44) 22 1.9 10 440 Pid 60 4 
MI 8 66/32 (44) 26 t3 7 310 90 27 
: 4 63/28 (39) 24 4.2 12 280 88 2.8 
8. 60M Mi 8 36/13 (21) 5 2.6 12 640 80 3.4 
9 66M ex 5 24/14 (18) 9 2.0 -4 440 96 3.9 
: HF 
10 52M CAD 4 52/25 (35) 21 t6 4 500 72 3.9 
VH 44F CAD 5 51/18 (29) 13 0.3 7 224 84 3.0 
12. 60M CC 18 68/35 (46) 17 1.5 12 280 g6 2.8 
10 37/19 (27) 9 17 -12 190 96 28 
13 24M N 7 33/15 (21) 8 3.7 9 190 72 
14 77M CAD 1 21/10 (13) 9 t7 8 426 90 5.6 
3 36/14 (20) 11 13 7 480 72 8.0 
15 54M mes 6 52/15 (21) 9 3.0 10 600 54 4:4 
HD 
16 78M Mi 8 79/30 (42) 22 0.0 18 340 Yes 102 40 








a = pulmonary valve presystolic a wave (mmi; B-C = early systolic slope of the pulmonary valve echo(mm/sec); CAD = coronary artery disease; 


"CC = congestive cardiomyopathy; CHF = 


subaortic stenosis; m = mean; MI = 


the average of 10 beats was taken. Mid systolic notching was 
also sought. 

' Pressure measurements: Simultaneous recordings of 
phasic and mean pulmonary arterial pressures and right atrial 
pressure (Fig. 2) were obtained with use of a triple lumen 
Swan-Ganz 7F balloon-tipped catheter. Pressure measure- 
ments were obtained with a pressure transducer (Statham 
-CP23DB) interfaced with a Brush recorder. The pressure signal 
= was also simultaneously recorded with the echogram by a fi- 
beroptic recorder (Honeywell model 1856) by means of a 
|. multiplex circuit. Before each study the catheter was flushed 
and the transducer was balanced to zero pressure at the mid 
point of the anteroposterior thoracic diameter. 


ECG 


VALVE 
ECHO 


mmHG 


ARTERY 
PRESSURE 


mmHg 








PULMONARY ARTERY PRESSURE - 
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myocardial infarction; MS = mid systolic; RA, = peak right atrial a wave; S — systolic. 


PULMONARY 


. PULMONARY __ 


= congestive heart failure; CO = cardiac output (liters/min); D = diastolic; ED = pulmonary arterial end-diastolic © 
pressure; E-F = diastolic slope of pulmonary valve echo (mm/sec); HR = heart rate (beats/min); HTN = hypertension; IHSS = 


idiopathic hypertrophic 


In four patients the study was repeated once, and in one 
patient it was repeated twice. The intervals between repeat 
studies ranged from 8.to 48 hours. In two patients the pul- 
monary valve echograms were recorded before and immedi- 
ately after the withdrawal of the catheter across the pulmo- 
nary valve. The maneuver had no detectable influence on 
valve morphology. 


Analysis of data: Data were analyzed by linear regression E S 
analysis of paired data. The mean pulmonary arterial end- = 


diastolic, pulmonary capillary wedge and peak right atrial a 
wave pressures were plotted against the echographic ampli- 
tude of the pulmonary valvea wave and the diastolic E-F and 
systolic opening B-C slopes. The differences between the 


FIGURE 1. Simultaneous. echocar- —— 
diogram of the pulmonary valve and - 
pulmonary arterial pressure tracing. 
Diagram demonstrates method of - 
measuring amplitude of the a wave: 
a = onset and b = Termination of- 
the pulmonary valve a wave; 
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FIGURE 2. Simultaneous echocardiogram of the pulmonary valve and 
phasic. right atrial pressure tracing. The diagram. demonstrates the 
method of measuring a wave amplitude: a = onset and b = termination 
of the pulmonary valve a wave. ECG = electrocardiogram. 


- pulmonary arterial end-diastolic and peak right atrial a wave 
pressures were obtained and were also related to the ampli- 
tude of the pulmonary valve a wave. 


Results 


Echographic pulmonary valve a wave amplitude: 
. The echocardiographic and hemodynamic measure- 
ments are shown in Table I. There was no statistically 
significant correlation between the pulmonary valve a 
wave amplitude and any of the hemodynamic variables 
measured (Fig. 3 and 4). A weak correlation was present 
. between the differences of the pulmonary arterial 
end-diastolic and right atrial peak a wave pressure and 
the amplitude of the pulmonary valve a wave (r — 0.49 
and P «0.05) (Fig. 5). In this latter group, differences 
of less than 20 mm Hg showed the largest pulmonary 
valve a wave amplitude. 
No correlations were found between the pulmonary 
valve diastolic E-F slope, systolic opening B-C slope and 
hemodynamic measurements (Fig. 6 to 8). 
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FIGURE 4. Mean pulmonary arterial pressure plotted against pulmonary 
valve echographic a wave amplitude. Arrows connect points that 
represent serial measurements. 
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FIGURE 3. Puimonary arterial end-diastolic pressure plotted against 
pulmonary valve a wave amplitude. Arrows connect points that rep- 
resent serial measurements. 


Serial measurements: The largest change in the five 
patients studied serially was a 29 mm Hg reduction in 
mean pulmonary arterial pressure (from 46 to 27 mm 
Hg). This was accompanied by a slight increase in the 
amplitude of the pulmonary valve a wave of 0.2 mm 
(from 1.5 to 1.7). In two other patients decreases in 
pulmonary arterial pressure (from 30 to 24 and from 44 


to 39 mm Hg, respectively) were accompanied by slight. 


decreases in pulmonary arterial a wave amplitude (from 
0.9 to 0.6 and from 1.9 to 1.2 mm, respectively) (Fig. 
4). 

In our serial studies a mean decrease in mean pul- 
monary arterial pressure of 8 mm Hg was accompanied 
by a mean increase in pulmonary valve a wave ampli- 
tude of 0.03 mm. Figures 3, 4 and 6 to 8 show that the 
direction of magnitude of the pulmonary end-diastolic 
pressure changes bore no constant relation with the 
direction and magnitude of the pulmonary valve 
changes. The differences between the pulmonary ar- 
terial end-diastolic pressure and right atrial peak a wave 
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FIGURE 5. Pulmonary arterial end-diastolic pressure minus right atrial 
à wave pressure plotted against pulmonary valve echographic a wave 
amplitude. Arrows connect points that represent serial measure- 
ments. 
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MEAN PULMONARY. ARTERY PRESSURE (mmHg) 

FIGURE 8. Mean pulmonary pressure. plotted against the pulmonary 
echographic E-F slope. Arrows connect points that represent serial 
measurements. 


pressures also failed to show predictable directional 
changes (Fig. 5). 
Pulmonary valve mid systolic notehing: Complete 
systolic recording of the pulmonary valve posterior 
leaflet echogram could be obtained in only eight pa- 
tients. Mid systolic notching was present in two patients 
. with a mean pulmonary arterial pressure of more than 
40 mm Hg. In four other studies in which this pressure 
| was also 40 mm Hg or more, either no notching was 
| Observed or incomplete tracings of the systolic pulmo- 
| nary valve echograms prevented its recognition. 


Discussion 


Previous studies!-? have indicated that analysis of the 
echocardiographic morphology of the pulmonary valve, 
especially the pulmonary valve a wave amplitude, is 
useful in separating patients with normal pulmonary 
arterial pressures from those with frank pulmonary 
- arterial hypertension. These reports have suggested that 
-these echocardiographic features might also provide a 
noninvasive means of determining the level of pulmo- 
-nary arterial pressure. We designed this study to test 

the ability of these echocardiographic findings to predict 
the pulmonary arterial pressure. 

Lack of correlation of pulmonary valve echo- 
gram and severity of pulmonary hypertension: Our 
study indicated that mid systolic notching of the pul- 
monary valve was a specific indicator of severe pulmo- 
nary hypertension, but it was of low sensitivity. Other 
findings tested were neither specific nor sensitive. 
Furthermore, there was no correlation between changes 
in echocardiographic pulmonary valve morphology and 
changes in pulmonary arterial pressure. Thus, one 
cannot rely on echocardiographic features of the pul- 
monary valve in assessing the severity of pulmonary 
hypertension. 

The loose correlation between the echographic am- 
plitude of the pulmonary valve a wave and the differ- 
ence between the pulmonary arterial end-diastolic 
pressure and right atrial peak a wave pressure suggests 
+ that the latter phenomenon is multifactorial and 


ECHOCARDIOGRAM AND PULMONARY PRESSURE—ACQUATELLA ET AL. 
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FIGURE 7. Mean pulmonary arterial pressure plotted against the pub =- 
monary valve echographic B-C slope of initial valve opening. Arrows * 
connect points that represent serial measurements. Er 


therefore cannot provide a guide to the magnitude of 
either single pressure. Further support for this expla- 
nation comes from the observation that the diastolic _ 
motion of the valve is heavily influenced by the overall 
motion of other structures of the cardiac base.* 
Limitations of method: Technical difficulties fre- 
quently frustrate echographic imaging of the pulmonary 


valve and also limit its usefulness as a hemodynamic __ 


corollary. In 50 percent of our patients we failed to ob- 
tain satisfactory late diastolic and early systolic valve —— 
images and in all we failed to identify the point ofthe — 
valve closure. Because echocardiographic determination _ 
of systolic intervals depends on accurate identification 


of this event? study of these intervals as predictors of 


pulmonary pressure was not possible. : 
Originally, we hoped to correlate beat to beat changes 
with the pulmonary valve a wave amplitude and with 


the exact instantaneous level of the pulmonary arterial - A 


pressure. However, the respiratory changes in the am- 
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FIGURE 8. Difference of pulmonary end-diastolic pressure and right 
atrial a wave pressure versus pulmonary valve echographic B-C slope. 
Serial points are connected by arrows. 
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plitude of the pulmonary valve a wave relative to res- 
piratory pressure changes were so small that this cor- 
relation could not be made. It therefore became neces- 


ru sary in most of our patients to take the average of the 


pressure and of the echocardiographic values over 10 
cardiac cycles. This methodology departs from that of 
an earlier study.? Because our study patients did not 

_ Show the previously reported degrees of respiratory 

_ changes in the pulmonary a wave, we speculated that 
they represented a different population from those of 

_ earlier reports. For example, most of our patients were 


chronically ill and older (59 versus 42! and 30? years) 
than patients in previous studies. Thus, this study did 
not evaluate the possibility that pulmonary valve a wave . 
amplitude in a young population is useful in detecting 
raised pulmonary pressure. 

Implications: The morphology of the pulmonary 
valve echogram is not a reliable guide to absolute or 
relative levels of pulmonary arterial pressure in patients 
requiring hemodynamic monitoring. It can therefore 
serve only as a rough guide to the presence of the more 
severe levels of pulmonary hypertension. 
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Wo out of every five hypertensives 
ound to be hyperlipidemic 

in recent study’ 

Lipid abnormalities are often part of a broader 
kciinical picture. For example, a recent study! 
Veports an association between hypertension and 
_hypertriglyceridemia—the most common form of 
yperlipidemia. (See table below.) 

















incidence of Hyperlipidemia 


vo lypec Hypertensives - Normotensives 
c. Hyperüipidemia* (89 subjects). (89 subjects) 
| pela — eu) . — 7T&(6) —— 
Type B 6% (5) 396 (3) 
Type IV 2896 (23) 41% (10) 


41% (36) 2195 (19) 


















tiyperipiderua was diagnosed whan cholesterol levels exceeded 282 mga 
and (or Triglycerides were over 177 mo 6 — cutoff points higher than the usual 
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The essential measurements— 
olestero! and triglycerides 


tof every general rnedical examination. 
Because elevated lipids may coexist with high 
blood pressure, it is especially important to screen 
lypertensive patients for hyperlipidemia. Testing 
for both cholesterol and triglycerides is considered 
essential.^5 since it increases the chances of 
detection from 6 out of 10 to 9.5 out of 10. 
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| whether the drug-induced lowering of serum cholesterol or 
| lipid levels has a detrimental; beneficial, or no effect on the 
| morbidity or mortality due to atherosclerosis or coronary 

| fieart disease. Several years will be required before current 
investigations will yield an answer to this question, 
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Administration of clofibrate to mice and rats in long-term studies at eight times the human 
dose resulted in a higher incidence of liver tumors than in controls. Lower doses were not 
Studied. Although the relevance of this finding to humans is not known at this time, it can- 
not be dismissed especially since this drug is intended for long-term adminis- 
tration. ATROMID-S should be used only in patients with hyperlipidemia who do not 
respond adequately to dietary intervention 


PRECAUTIONS: Before instituting therapy with clofibrate, attempts should be made to 
contro! serum lipids with appropriate dietary regimens, weight loss in obese patients, 
contral of diabetes mellitus, etc 

Because of the long-term administration of a drug of this nature, adequate baseline 
studies should be performed to determine that the patient has significantly elevated serum 
lipic levels. Frequent determinations of serum lipids should be obtained during the first few 
months of ATROMID-S administration, and periodic determinations thereafter. The drug 
should be withdrawn after three months if response is inadequate. However, in the case of 
xanthoma tuberosum, the drug should be employed for longer periods (even up to one 
year) provided that there is a reduction in the size and/or number of the xanthomata 


Subsequent serum lipid determinations should be done to detect a paradoxical rise in 
serum cholesterol or triglyceride levels. Clofibrate will not alter the seasonal variations 
of serum cholesterol peak elevations in midwinter and late summer and decreases in 
fall and spring. If the drug is discontinued, the patient should be placed on an 
appropriate hypolipidemic diet, and his serum lipids should be monitored until 
stabilized, as a rise in these values to or above the original baseline may occur. 





During clofibrate therapy, frequent serum transaminase determinations and other liver 
function tests should be performed since the drug may produce abnormalities in these 
parameters. These effects are usually reversible when the drug is discontinued. Hepatic 
biopsies are usually within normal limits. If the hepatic function tests steadily rise or show 
excessive abnormalities, the drug should be withdrawn. Therefore use with caution in 
those patients with a pas: history of jaundice or hepatic disease 


Clofibrate may produce “flu like" symptoms (muscular aching, soreness, cramping). The 
physician should differentiate this from actual viral and/or bacterial disease > 
Use with caution in Patients with peptic ulcer since reactivation has been reportedi 
Whether this is drug-related is unknown 


Complete blood counts should be done periodically since anemia, and more frequently, 
leukopenia have been reported in patients who have been taking clofibrate 

Various cardiac arrhythmias have been reported with the use of clofibrate 

Several investigators have observed in their studies that clofibrate may produce a 
decrease in cholestero! linoleate but an increase in palmitoleate and oleate, the latter 
being considered atherogenic in experimental animals. The significance of this finding 
is unknown at this time 


ADVERSE REACTIONS: Of the pertinent reactions, the most common is nausea. Less 
frequently encountered gastrointestinal reactions are vomiting, loose stools, dyspepsia, 
flatulence, and abdominal distress. Reactions reported less often than gastrointestinal 
ones are headache, dizziness, and fatigue; muscle cramping, aching, and weakness; skin 
rash, urticaria, and pruritus; dry brittle hair, and alopecia 


The following reported adverse reactions are listed alphabetically by systems 


Cardiovascular 
Increased or decreased angina 
Cardiac arrhythmias 
Both swelling and phlebitis at site of xanthomas 


Dermatologic 
Skin rash 
Alopecia 
Allergic reaction including urticaria 
Dry skin and dry brittle hair 
Pruritus 


Gastrointestinal 
Nausea 
Diarrhea 
Gastrointestinal upset (bloating, flatulence, abdominal distress) 
Hepatomegaly (not associated with hepatotoxicity) 
Gallstones 
Vomiting 
Stomatitis and gastritis 


Genitourinary 
Impotence and decreased libido 
Findings consistent with renal dysfunction as evidenced by dysuria, hematuria, pro: 
teinuria, decreased urine outout. One patient's renal biopsy suggested “allergi 
reaction.” 
Hematologic 
Leukopenia 
Potentiation of anticoagulant effect 
Anemia 
Eosinophilia 
Musculoskeletal 
Myalgia (muscle cramping, aching, weakness) 
“Flu like” symptoms 
Arthralgia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziness 
Headache 
Miscellaneous 
Weight gain 
Polyphagia 
Laboratory Findings 
Abnormal liver function tests as evidenced by increased transaminase (SGOT ani 
SGPT), BSP retention. and increased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 
Reported adverse reactions whose direct relationship with the drug has not bee 
established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthritis, tremors, i 
creased perspiration, systemic lupus erythematosus, blurred vision, gynecomasti 
thrombocytopenic purpura 
DOSAGE AND ADMINISTRATION: /nitial: The recommended dosage for adults is 2 
daily, in divided doses. Some patients may respond to a lower dosage 
Maintenance: Same as for initial dcsage 

















desired level to prevent bleeding complications. Frequent prothrombin Geterminations a 
advisable until it has been definitely determined that the prothrombin level has be 
stabilized. 

MANAGEMENT OF OVERDOSAGE: While there has been no reported case of overdo: 
age, should it occur, symptomatic supportive measures should be taken. 

HOW SUPPLIED: ATROMID-S— No. 243 —Each capsule contains 500 mg clofibrate, 
bottles of 100 

References: 1. Thomas, G. W., et al. Br. Med. J. 2:805 (Sept. 24) 1977. 2. Ahrens, E. 
Jr: Ann. Intern. Med. 85:87 (July) 1976. 3. Council on Foods and Nutrition: J.A.M. 
222:1647 (Dec. 25) 1972. 4. Scheig, R.: Conn. Med. 39:71 (Feb.) 1975. 5. Letters to t 
Editor: Current Wege (July) 1977, p. 15. 6. Fredrickson, D. S., et a/., in Holm 
W. L., Carlson, L. A., and Paoletti, R. (eds.): Drugs Affectin: 


et al.: J. Clin. Invest. 49-1007 (May) 1970. 10. Levy, R. |, et al: Ann. Intern. Med. 77.21 
(Aug.) 1972. 11. Berkowitz, D.: J.A.M.A. 218:1002 (Nov. 15) 1971. 12. Lorenzo, E. 
et al.: Curr. Ther. Res. 22:147 (July, Sect. 2) 1977. 
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If people can 


£0 on diets, 
So can pacemakers. 


e way we look at it, if being smaller 
d lighter is good for people, it's good 
or pacemakers. 

Introducing our S 3000. 

The $3000 is the lightest, smallest 
eries of pacemakers we have ever offered. 
ith a trifling 12mm thickness. And weighing 
n at a trivial 52 grams. 

Of course, its slim size and shape 
hould not be the only reason for you to 
onsider the Vitatron S 3000. 

Consider, too, the S 3000 pacemaker 
as well-proven reliability in its energy- 
onserving discrete circuitry and the universal 
utch connection which accepts virtually all 
ads without adaptors. 

And the fact that the S 3000 is laser 
elded. Exceptional biocompatibility with an 
|-titanium can and epoxyless construction. 

Our new S3000. A combination of 
utstanding economy and proven electronics 
a small, neat package. 

For complete technical data, write 
itatron Medical b.v., P.O. Box 76, 
anaalweg 24, Dieren, The Netherlands. 
the United States: Vitatron Medical Inc., 
ne Gateway Center, Newton, MA 02158. 
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DINS 


FOR ORAL ANTICOAGULATION 


; H * 

Prophylactic Use 
_ A number of cardiac syndromes can predis- 
pose patients to thromboembolic episodes. 
The greatest threat of thromboembolism, 
however, exists in patients with a history of 
obesity, excessive cigarette smoking or pre- 
vious episodes of venous thrombosis or 
pulmonary embolism. Postoperative patients 
requiring extended immobilization and the 
elderly are at high thromboembolic risk as are 
the severely injured — particularly those over 
40 years with fractures of the hip, pelvis or 
lower extremities— and patients undergoing 
elective cup arthroplasty or pelvic surgery. 


-..... Emphasis should be placed on prophylaxis 

— ^ for those patients predisposed to thromboem- 
bolism. The oral anticoagulant of choice is 
COUMADIN® (crystalline sodium warfarin 
U.S.P) 


The oralanticoagulant 
ofchoice 


lefore prescribing, please see prescribing 
‘mation on following page. 

MADIN® isan Endo registered U.S. trademark; 
9,977, 481 (Reissue No. 25; 866) 


CRYSTALLINE 
SODIUM WARFARIN USP) 


SOM LSA 

Therapeutic Use 

For established thromboembolism, adminis- 
tration of IV. heparin followed by oral anti- 
coagulant therapy is a cornerstone of treat- 
ment. COUMADIN? a chemically pure oral 
anticoagulant with high predictability of re- 
sponse, is a mainstay of effective therapy. 


Dosage and Administration 

In patients receiving COUMADIN® prothrom- 
bin time should be maintained at 1.5 to 2.5 
times the control until results stabilize. Dosage 
and administration should be individualized 
according to prothrombin time results and- 
reevaluated periodically throughout therapy. 


Patients should be well informed about their 
condition and medication, since factors such 
as dietary change, travel, other medication, 
change in physical condition and abrupt 
environmental change may influence pro- 
thrombin time and, therefore, response to 
COUMADIN® 





CRYSTALLINE SCDUM WARFARIN USP) 


Endo Laboratories, Inc. 


Subsidiary olf uron de Nemours & Co. Hac.) 
Garden City N 


COUMADIN 


(CRYSTALLINE SODIUM WARFARIN’) 


DESCRIPTION COUMADIN* (crystalline sodium warfarin), a prothrombinopenic anticoagulant. i 


chernizally crystalline sodium warfari* isooropanot clathrate. The crystallization of sodium warfarin 
tually eliminates trace impurities present in amorphous sodium warfarin. thus achieving a crystalline 
nraduct of the highest purity. Warfarin” is the coined generic name for 3-ia-Acetonylbenzyti-4-hydrax- 
ycoumatin. On a dose-for-dose bass, COUMADIN (crystalline sodium warfarin) is therapeutically 
eguivatent fo amorphous sodium warfarin. 
ACTIONS COUMADIN® and other coumarin anticoagulants act by depressing synthesis in the liver of 
severdi factors which are known to te active in the coagulation mechanisms in a variety of diseases 
characterized by thromboembolic phenomena. The resultant in vivo effect is a sequential depression ot 
Factors Vil, iX. X and i. The degree of depression is dependent upon the dosage admunisterec. 
Articcagulants have no direct effect an an established thrombus, nar do they reverse ischemic tissue 
damage. However. once a thrombosis has occurred, anticoagulant treatment aims to prevent furthe: 
extension of the formed clot and prevents secondary thromboembolic complications which may result 
in serious and possible fatal sequelae 
Afer eral administration, absorption ss essentiaily complete, and maximat plasma concentrations are 
reached in 1 to 9 hours. Approximacely 97% is bound to albumin within the plasma. COUMADIN € 
usually induces hypoprothrombinemia in 36 to 72 hours, and its duration of action may persist for 4 te 
5 Says. thus producimg a smooth. dong lasting response curve. Little is known of the metabolic 
pathways involved in the biotransforrsatioa of oral anticoagulants in man However. thei metabolites 
apga: to be eliminated principally in t ie unae 
— 
| HIDICATIONS Based on a review of this drug by the National Academy of Sciences- Nationat 
Research Council and/or other information, FDA has classified the indications as follows 


Effective: COUMADIN * is indicated for the prophylaxis and treatment of venous thrombosis 
and its extension, the treatment of atrial fibrillation with embolization., the prophylaxis and 
treatment of pulmonary embolisr:. anc as an adjunct in the treatment of coronary occlusion. 


"Possibly ' effective: as an adjunct in the treatment of transient cerebral ischemic attacks 
Final classification of the {ess ahai effactive indication requires further i vest igation 























CONTRAINDICATIONS Anticoagulation is ontraindicated in any localized or general physical condition 
or Dersonal circumstance in which the hazard of hemorrhage might be greater than its potential climica 
benefits, such as: 


Pregnancy COUMADIN ® (crystalline sodium warfarin) is contraindicated in pregnancy because the 
dreg passes through the placental barrier and may cause fatal hemorrhage to the fetus in utero. Fue 
therrere, there have been reports of birth malformations in children born to mothers who have beer 
treated with warfarin during pregnancy. Women of childbearing potential who are candidates for 
anscoagulant therapy should be carefully evaluated and the indications cntically reviewed with the 
patient. If the patient becomes pregnent while taking this drug. she should be apprised of the potenti 

risks to the fetus, and the possibility of termination of the pregnancy should be discussed in light of 
these tisks 


Hemorrhagic tendencies or blood dyscrasias, Recent or contemplated surgery of: (1) central nervous 
system. {2} eye. (3) traumatic surgery resulting in large open surfaces. Bleeding tendencies assc- 
tigted with active ulceration or ovet bleeding of: (1) gastrointestinal, genitourinary or respiratory. 
tracts; (2) cerebrovascular hemorrhage: (3) aneurysms- cerebral, dissecting aorta; (4) pericarditis anc 
pedcadiial effusions: 15) subacute bacterial endocarditis. Threatened abortion, eclampsia and pres- 
clampsia. Inadequate laboratory facilities or unsupervised senility. alcoholism. psychosis: or lack of 
patent cooperation. Spinal puncture and other diagnostic or therapeutic procedures with potential for 
uncontrollable bleeding. Miscellanegus: polyarthritis. vitamin C deficiency, major regional. lumbar 
block anesthesia and malignant hypertensica. 
WARNINGS Sodium warlarin is a po:ant drug with a half-life of 2% days: therefore its effects may 
beeome more proncunced as daily maintenance doses overlap. R cannot be emphasized too strongly 
that treatment of each patient is a highly individualized matter. Dosage should be controlled by periodic 
determinations of prothrombin time or other suitable coagulation tests. Determinations of whole blosg 
clotting and bleeding times are not eflsctive measures for controi of therapy. Heparin prolongs the one 
stage prothrombin time. Therefore, to obtain a valid baa time when heparin and COUMADIN * 
are given together, a period of 4 to 5 sours should elapse after the last intravenous dose and 12 te 24 
boers after the last subcutaneous dose of heparin. before blood is drawn 
Cactioa should be observed when sodium wartarin is administered in any situation or physical conde 
bor where added risk of hemorrhage is presant. 
Administration of anticoagulants in the following conditions wil be based upon clinical judgment irr 
whch the risks of anticoagulant therany are weighed against the risk of thrombosis or embolization wv 
untreated cases. The following may beassociated with these increased risks: 
Lastatibn- coumarns may pass into the milk of mothers and cause à prothrombinopenic state in the 
musing infant. Prolonged dietary deficienzy (cachexia, vitamin K). Severe to moderate hepatic or 
terat insufficiency. Infectious diseases or disturbances of intestinal flora-sprue, antibiotic therapy 
Trauma which may result in internal ^ieeding. Surgery or trauma resulting in large exposed raw sur 
faces. Indwelling catheters. Severe to me erate hypertension. Miscellaneous: polycythemia vera: 
vasculitis, severe diabetes, menometrarrhagia, allergic and anaphylactic disorders. 
Patients with congestive heart failure may become more sensitive to COUMADIN®. thereby requiring 
mare frequent laboratory monitoring, and reduced doses of COUMADIN * 
Abrupt cessation of anticoagulant therapy is not generally recommended; taper dose gradually over 
three to four weeks 
ae Periodic determinatian of prothrombin time or other suitable coagulation test is 
essential. 
Numerous factors, alone or in combiration, including travel, changes in diet, environment. physical 
state and medication may influence -espense of the patient to anticoagulants. It is generally good 
practice to monitor the patient’s response with additional prothrombin time determinations in the 
period immediately after discharge ‘rom the hospital, and whenever other medications are initia- 
ted; discontinued or taken haphazardly. The following factors are listed for your reference: however. 
other factors may also affect the prothrombin response. 


The following factors, alone or in combination, may be responsible for increased prothrombin time 
response: 

ENGOGENOUS FACTORS: Carcinoma. collagen disease; congestive heart failure; diarrhea. elevated 
termperature: hepatic disorders-infectious hepatitis. jaundice. poor nutritional state; vitamin K defi 
ciency steatorrhea 

EXEGENOUS FACTORS: Alcoholt: allepurinch aminasalicylic acid: anabolic steroids; antibiotics, pro- 
meiains; chlorat hydratet; chlorpropamide. chymotrypsin: cinchophen; clofibrate. COUMADIN® over 
dosage: dextran; dextrothyroxine; diazoxide: dietary deficiencies: diureticst: disulfiram: drugs affecting 
bload elements; sarya acid; glucagon: hepatotoxic drugs: indomethacin, inhalation anesthetics: 

metenamic acid, methyldopa; methylphenidate, metronidazole. monoamine oxidase inhibitors. nalidixic 
ig, Oxolinic acid. oxyphenbutazone phenylbutazone: phenyramidol, prolonged hot weather, pro- 
longed narcotics; quinidine. quinine: salicylates: sulfinpyrazone. sulfonamides, long acting: thyroid 
drugs; tolbutamide: triciofos sodium trimethoprim/sulfamethoxazole. unreliable prothrombin time 
delermunations 

tincreased and decreased prothrombir time responses have been reported 


The fatiowing factors, alone or in combination, may be responsible for decreased prothrombin time 
response: 

ENDOGENOUS FACTORS: Diabetes mellitus; edema; hereditary resistance to coumarin therapy; hyperti 
persia; hypothyroidism 








"Present as crystalline sodium warfarin isopropanol clathrate 
Licensed by Wisconsin Alumni Research Foundation. 
U.S Pet. No. 3,077,481 (Reissue No. 25 866) 

COSMADIN * is an Endo Registered U.S. Trademark. 











EXOGENOUS FACTORS: Adrenecorticat steroids: alcotolt; antacids; antihistamines: barbiturates: 
chioral hydratet, chlordiazepoxive: cholestyrarnine: COUMADIN® underdosage: diet high in vitamin K 
(vegetables. fish. fish oll, onions) diureticst: ethchlervynol; glutethimide: griseofulvin: haloperidol: 
meprohamate, oral contraceptives. paraldehyde, primidone, rdampin, unreliable prothrombin time 
determinations: vitamin C. 


tincreased and decreased prothrambin time responses have been reported. 


À patient may be exposed to a combination of the abovedactors. some of which may increase and some 
decrease fis sensitivity te COUMADIN *. Because the net effect on his prothrombin time response may ' 
be unpredic:able under these circumstances, more frequent laboratory monitoring is advisable en 
Drugs not yat shown to interact cr not to interact with coumarins are best regarded with suspicion, angl 
when their administration is starfed or stopped, the prothrombin time should be determined more often t 
than usual 


Coumarins also affect the action of other drugs. Hyseglycemic agents (chlorpropamide and tolbu- 
tamude} and anticanvulsants (diphenylhydzntoin and phenobarbital! may accumulate in the body as a 
result of interference with either their metabolism or excretion. 


ADVERSE REACTIONS Potential side effects of COUMADIN* (crystalüne sodium warfarin} include: 


1. Minor or major hemorrhage trom any tissue or orgap- which is an extension of the physiologic activ- 
ity of prothrombmopenia. The signs and symptoms will vary according to the location and degree or 
extent of the bleeding. Therefore the possibility of hemorrhage should be considered in evaluating the 
condition of any anticoagulated patient with complaints which do not indicate an obvious diagnosis. 
Bleeding ducing anticoagulant therapy doas not always correlate with prothrombin activity. (See TREAT- 
MENT FOR OVERDOSAGE} 


Bleeding which occurs wien the prothrombin time is within the therapeutic range warrants diagnostic | 
investigation since it may unmask a previously unsuspected lesion, e.g. tumor, ulcer etc 


2. Side effects other than hemerrhage are infrequent and consist of alopecia. urticaria, dermatitis, 
fever, nausea, diarrhea, abdomisal cramping, a syndreme called “purple toes” hypersensitivity reat- 
kons and am extremely rare reaction consisting of hemorrhagic infarction and necrosis of the skin. 
DOSAGE AND LABORATCRY CONTROL The aim of anticoagulant therapy is ta impede the coagulation 
or ciotting mechanism to such ar extent that thrombosis will not occur, but at the same time avoiding 
such extensive impairmeat as might pr ojuče spontaneous bleeding. Effective therapeutic levels with 
minimal complications can best se achieved in cooperative and well-instructed patients. who keep the 
Soctor informed of their status between visits. COUMAEIN © patient aids are available to physicians on 
request. 


The administration and dosage ot COUMADIN * must be individualized for each patient according to th 
particular patient s sensitivity to the drug as indicated by the prothrombin time. The prothrombin times 
reflects the depression of vitamirK dependent Factors Vii, X and H. These factors, in addition to Factord 
iX. are affected by coumarin anticoagulents. There are several modifications of the Quick one-stage 
prothrombin time and the physician should become ‘amiliar with the specific method used in his 
laboratory 

Administiation of COUMADIN® should be gauged according to prothrombin time determinations by a 
suitable method. The blood prothrombin time should usually be determined daily after the administra- 
tion of the inifia! dose until prethrombin time results stabilize in the therapeutic range. Intervals 
between subsequent prothrombin time determinations should be based upon the physician s judgment 
of the patient's reliability and response ta warfarn in order to maintain the individual within the thera- 
peutic range. Acceptable intervals for prothrombin time determinations have usually fallen within the 
range of one to four weeks. Satisfactory levels for maintenance of therapeutic prothrombinopenia are 
1 to 2% times the normal prothrombin me (e.g. 21 te 35 seconds. with a control of 14 seconds]. 
induction-49 to 60 mg for average adult o7 20 to 30 mg for elderly and/or debilitated patients for one 
dose only administered orally. intravenously or intramuscularly. 


Maintenante- Most patients are satisfactorily maintained at a dose of 2 to 10 mg daily. Flexibility of 
dosage is provided by breaking scored tablets in hall. The individual dose and interval should be gauged | 
by the patient s prethrombin response 


Duration af fherapy- The duration of therapy in each patient should be individualized. In general 
anticoagulant therapy should be continued until the danger of thrombosis and embolism has passed. 


Treatment daring dentistry and surgery- The management of patients who undergo dental and surgical 
procedures requires close liaison between attending physicians. surgeons and dentists. Interruption of 
anticoagulard therapy may precipitate thromboembolism. and conversely. if anticoagulants are main 
fained at full doses, some patients may hemorrhage excessively. if it is elected to administer anticcagu: 
janis prior ic, during. or :mmedistely following dental cr surgical procedures, it is recommended that 
the dosage sf COUMADIN® be adjusted to maintain the prothrombin time at approximately 1% to 2 
limes the control level The operative site should be sufficiently limited to permit the effective use ofi 
local procedures for hemostasis «cludinc abserbabie hemostatic agents, sutures. and pressure dress: 
ings if necessary. Under these conditions dental and sargical procedures may be performed without 
undue risk of hemorrhage 
COUMADIN” with Heparin—Since a delay intervenes between the administration of the initial dose and, 
the therapeutic protongation of prothrombin time, it may be advisable in situations of great emergency 
to administer sodium heparin initially along with COUMADIN *. The initial dose of heparin and injectable} 
COUMADIN * may be administered together in the same syringe. H should be noted that heparin ma 
affect the prothrombin time, and 'herefore, when patients are receiving both heparin and COUMADIN”, 
the blood sample for prothrombin time determination should be drawn iust prior to the next heparin 
dosage. and preferably 4 to 5 hours after the last intravenous injection or 12 to 24 hours after the las! 
subcutaneous injection 

TREATMENT FOR OVERDOSAGE Excessive prothrombinopenia, with or without bleeding, is readif 
controlled by discentinuirg COUMADIN * (crystalline sedium warfarin}, and if necessary. the oral o 
parenteral administration of vitamin K.. The appearance of microscopic hematuria, excessive menstrual 
Dieeding. melena, petechiae or sozing from nicks made while shaving are early manifestations o 
hypaprothrombinemia beyond a safe and satisfactory level 

in excessive prothrombinopenis with mild or no bleeding. omission of one or more doses ai 
COUMADIN® may suffice; and if necessary, small doses.of vitamin K: orally, 2.5 to 10 mg. will usuath 
correct the problem 
H minor bleeding persists. or progresses to frank bleeding, vitamin Kx in doses of 5 to 25 mg may bi 
Given parenterally. (Please note recommendations accompanying vitamin K preparations prior to use.} 
Fresh whole 2iood transfusions should be considered in zases of severe bleeding or prothrombinopeni 
states unresponsive to vitemin K: 

Resumption of COUMADIN * administration reverses the effect of vitamin K«, and a therapeuti 
hypoprothrombinemia level can be obtained 

SUPPLIED Tablets: COUMADIN * 4crystalline sodium warfarin). For oral use. single scored, imprintei 
numerically with potency as follows: 2 mg iavender. 2% mg orange, 5 mg peach, 7% mg yellow, 1 
78 white, 25 mg red. in bottles o 100 anc 1000. Also available in Hospital Unit-Dose blister package 
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injection: Available as single injection units of amorphous sodium wartatin tyophilized for intravenou: 
of intramuscular use in a 26x of € units for use immediately after reconstitution. 50 mg: Unit consist 
ot 1 vial, 50 mg; sedium chloride. 10 mg; thimerosal, 62 mg. pH is adjusted with sodium hydroxid 
accompanied by a 2 ml ampul Sterile Water for injection. 


Sterile Water for injection contains no antimicrobial ot other substance, and it is not suitable fi 
intravascular injection without first having been made approximately isotonic by the addition of a su 
able solute. Use oniy for reconstitution of the lyophilized aroduct 
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ECHOCARDIOGRAMS. 
IT’S EASY TO SEE 
WHAT SEPARATES THEM 
FROM THE REST. 





That’s why your echo system supplier would 
like to show you a crisp new black-on-white echo- 
cardiogram produced by a Honeywell recorder. 
Because then you will see at a glance the diag- 
nostic advantages you gain from records of such 
exceptional contrast and resolution. And you may 
be even more surprised to learn how easy and 
economical it is to get those quality records from 
your present Honeywell strip chart recorder. 

So ask your echo system supplier for a 
sample record—and for information about our 
new add-on black-on-white processor. Or contact 
Bob Shipman for technical details and a list of 
suppliers. Honeywell Test Instruments Division, 
Box 5227, Denver, CO 80217, (303) 771-4700. 


WE'LL SHOW YOU A BETTER WAY. 


Honeywell 


CPrs NEW POROUS TIP 
LEAD: THE PROBLEM SOLVER 


CPI addressed the problem of 
lead dislodgement and designed 
the problem solver: a unique 
porous electrode. The tip 
consists of a platinum-iridium 
screen covering a mesh ball of 
the same alloy. Optimally-sized 
fibers give 85-90% porosity so 
tissue ingrowth knits the tip to 
the endocardium. Within 24 
hours post-implant, the 


electrode begins its embedment. 


Clinical studies have demon- 
strated markedly reduced 
dislodgement with the porous tip 
lead. In animal trials, the 
dislodgement rate was signif- 
icantly lower than the solid tip 
control group.' 


Histologic studies show tissue 
ingrowth in the acute phase, 
resulting in a secure electrode- 
tissue bond chronically, with a 
noticeably thinner and more 
structured fibrotic capsule that 
increases sensing capability. 


For pacing the 7.5mm?tip offers 
reduced current drain, increas- 
ing the longevity of constant 
voltage pulse generators. 


©1979 Cardiac Pacemakers, Inc 


For sensing the tip’s porosity 
allows maximum use of the 
effective sensing area—more 
than 50mm?—on exterior and 
interior surfaces. Presence of 
tissue and fluid within the tip 
reduces polarization losses. The 
electrode transmits a larger R- 
wave, So it offers a sensing 
advantage. 


The platinum-iridium mesh 
fibers are 25um in diameter, 


approximating cardiac cell size 
and thus minimizing tissue 
reaction.? The electrode 
becomes an integral part of the 
endocardium. Similar success 
has been experienced with 
Dacron fibers of the same size 
used in artificial heart valves. 


Biocompatible size and quick 
stabilization mean the electrode 
causes very little endocardial 
irritation. Our histologic studies 
reveal that the fibrotic capsule 
Surrounding the porous tip is 
significantly thinner than the 
capsule around a solid tip. The 
capsule is typically more 
structured, further indication of 
this electrode’s biocompatibility. 


Slimming the fibrotic capsule has 
significant results—the cardiac 
signal amplitude and slew rate 
remain high, so the lead senses 
reliably in the chronic phase. 


Low Dislodgement Rate... 
Efficient Sensing and 
Pacing...the Problem 
Solver from CPI. 


Shown 24 hours post-implant, a cross- 
sectional 100X magnification of the 
porous tip-canine tissue interface. A 
fibrinoid collagen capsule has pene- 
trated the outer lattice. Optimally 
spaced platinum-iridium fibers have 
allowed electrode ingrowth to begin. 


Shown five months post-implant, a 
cross sectional 100X magnification of 
the porous tip-canine tissue interface. 
Dense connective tissue has penetrated 
the intraelectrode spaces. The fibrotic 
capsule measures about 300 microns in 
thickness. 





CPI POROUS TIP ENDOCARDIAL 
LEADS Models 4115, 4116 and 
4117 are available in 52, 59 and 
85 cm lengths, respectively. All 
are unipolar, with double-wound 
conductors of corrosion 
resistant MP35N nickel alloy. 
Silicone rubber sheaths the 
conductors and ends in a flange 
behind the porous platinum- 
iridium tip. The outer screen of 
fibers 40um in diameter secures 
the electrode mechanically and 


i H Cardiac P kers, | 
assures less traumatic bonding A None Atene 
with endocardial tissue. Fibers P.O. Box 43079 
of the interior mesh are 25um in St. Paul, Minnesota 55164, U.S.A 
diameter to reduce tissue — INVOLVED IN MANKIND 
reaction and promote sensing. 

The unique porous tip is 
constructed by an advanced 1. Amundson, D., McArthur, W., Mosharrafa, 
bonding technique, which fuses M.: The porous endocardial electrode, PACE, 
the wire bonds and maintains the 2: January-February, 1979. 
integrity of the platinum-iridium 

: "EY: 2. Coleman, D., King, R. and Andrade, J.: 
electrode without compromising — The foreign body reaction: A chronic 


the random configuration. inflammatory response, J. BIOMED. MAT. 
RES., 8:199, 1974 
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Q. 


A continuing educational series in Nuclear Cardiology 


The interview excerpied here was 
conducted with Glen W. Hamilton, 
M.D., Chief, Nuclear Medicine 
Section, Veteran's Administration 
Hospital, Seattle, Washington. Dr. 
Hamilton is also an Associate Pro- 
fessor of Medicine, University of 
Washington School of Medicine. 


Of the nuclear cardiology studies available in 
elinical practice today, which are the most dif- 
ficult to interpret? 


Thallium images are probably the most difficult 
to interpret, and pyrophosphate are probably the 
next. In about 60% of all abnormal studies, the 
abnormality is quite obvious. The remaining 4096 
are quite difficult to read. As the physician gains 
experience, he will be able to read about half of 
those with confidence, but about 20% of all thal- 
lium studies remain difficult to interpret. Ex- 
perienced observers will have legitimate disagree- 
ment as to whether a given study is normal or 
abnormal. 


. Which of these tests are generally the best in the 


assessment of left ventricular function? Is this 
also the best study for assessing wall motion? 


. The multiple gated blood pool study yields the 


greatest clinical information compared to the diffi- 
culty of performing the test and, therefore, is the 
one we use in our clinical practice when we wish 
to assess a patient's ventricular function. The best 
study for assessing wall motion is probably the 
multiple gated study. It is not perfect, in that the 
right ventricle and the left ventricle overlap in 
all but the LAO view...but for most laboratories 
it is the most practical way to assess wall motion. 


Q. What studies would you recommend to a nuclear 


A. 


physician or cardiologist beginning nuclear 
cardiology in a community hospital? 


I would recommend two studies: multiple gated 
blood pool studies, and thallium imaging. The 
ventricular function measurements obtained from 
multiple gated studies are useful not only in pa- 
tients who have suspected coronary disease, but 
also in a wide variety of other patients, such as 
people with lung disease, older patients who have 
undetected ventricular dysfunction, or presurgi- 
cal patients. Clearly, this is going to be the larg- 
est volume study, and that's the place where they 
should start. After doing resting ventricular func- 
tion studies, thev should progress to thallium 
imaging. Six months from now, there should be 
enough data available on rest/exercise ventricu- 


> © 
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lar function studies using multiple gated imaging 
to indicate whether this technique is of general 
usefulness. 


. Which studies are most difficult to perform? 
. Pyrophosphate studies are obviously the simplest 


to perform. The multiple gated blood pool study 
is performed quite simply. However, the equip- 
ment required is not present in every laboratory 
at the present time. Thallium, being a less ideal 
isotope, is probably the most difficult study, in 
terms of the technique required to achieve good 
diagnostic results. ) 


What may be the single most important use of 
these nuclear cardiology studies in five years? 


. First, I'm confident we will be noninvasively mea- 


suring ventricular function in a wide range of 
patients with various disease states — coronary 
artery disease, cardiomyopathy, chronic lung dis- 
ease, valvular heart disease and many others. We 
will be able to follow these patients, correctly se- 
lect the optimal time for surgical intervention, and 
alter medical therapy so that treatment is optimal. 
There's nc question that this will happen. 
Secondly, if these tests turn out to be quite sensi- 
tive for the detection of coronary artery disease 
in its early presymptomatic stages, it may be 
possible to alter that disease by various inter- 
ventions. This could become a very important 
national endeavor which could have far-ranging 
effects on health in this country. 


. How widespread do you see these techniques 


becoming? 


. The need for studies of ventricular function will 


be comparable to the need for lung or bone scans. 
I really expect that most existing nuclear medicine 
laboratories, and, generally any hospital of two or 
three hundred beds, will be able to perform ven- 
tricular function studies within the next several 
years. 


For the complete transcript of this interview with 
Dr. Hamilton, write Inner-View, General Electric 
Company, Medical Systems Division, P.O. Box 
414 (Mail Code W-504), Milwaukee, WI 53201. 


General Electric Medical Systems, Milwaukee, 
Toronto, Madrid. 
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a imal Exercise Stress Testing in Evaluation of 
rrhythmias in Children: Results and Reproducibility 


To assess reproducibility in evaluating arrhythmias in children, two 
maximal treadmill exercise tests using the Bruce protocol were performed - 
an average of 3.1 months apart in 19 children aged 5 to 16 years (mean 
11) with chronic idiopathic ventricular (Group 1) and supraventricular. 
(Group II) arrhythmias. The performance of each child during the two tests 
was not statistically different with regard to maximal heart rate achieved — 
or duration of exertion; all but one child achieved expected maximalheart — 


rates. In Group 1, eight of nine children with ventricular premature com- E 
plexes at rest showed suppression of the arrythmia during exercise at — 


similar heart rates on both tests. In one child, ventricular premature 
complexes were not diminished in either test. One child with accelerated 
idioventricular rhythm and one with ventricular parasystole had repro- 
ducible arrhythmia suppression during exercise. One child with known 
episodes of ventricular tachycardia had this arrhythmia induced by ex- 
ercise on both tests. In Group Il, five children with supraventricular or 
junctional premature complexes at rest showed reproducible arrhythmia 
suppression on exercise, but one unexpectedly manifested ventricular : 
premature complexes and one manifested runs of ectopic atrial rhythm 
during both exercise periods. Two children with severe sinus bradycardia 
achieved expected maximal heart rates. One unexpectedly manifested 
reproducible supraventricular premature complexes after exercise, 
Comparison of results of exercise testing with ambulatory electro- 

cardiographic monitoring showed that in four patients testing uncovered . 
arrhythmias not evident on monitoring, whereas in one patient severe sinus 
bradycardia occurred only during monitoring. These results indicate that 
maximal treadmill exercise for evaluation of arrhythmias can be performed 
in children using standard methodology and can yield important data 
reproducibly. 


Exercise testing in children has been applied to a variety of clinical - 


problems: comparison of maximal endurance between normal children 


and those with structural heart lesions,!~? comparison between preop- 
erative and postoperative states in congenital heart disease*? and 
evaluation of the functional eapacity of children with a wide variety of 
structural heart lesions.9-1? However, few studies have applied stan- 
dardized exercise testing to the evaluation of arrhythmias in children, !? 
although casual exercise is often performed in their clinical evaluation. 
In adults the use of exercise testing in.evaluating arrhythmias is severely 
limited by lack of reproducibility with regard to arrhythmias,?-!? but 


it is not clear whether these data can be extrapolated to children. Ad- 
ditionally, there exist no established standardized criteria on which to — 
base decisions regarding restriction or allowance of strenuous exertion : 


in children with arrhythmias. us 
To examine the effects of maximal exercise in children with ar- — 
rhythmias, we performed two separate maximal treadmill exercise tests 
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- according to the Bruce protocol! in a group of 19 chil- 
-dren with various known ventricular and supraven- 

— tricular arrhythmias. In this study we assessed the 
usefulness and reproducibility of maximal treadmill 
"exercise testing in this group. 


Methods 


Patient selection: Nineteen children with chronic idio- 
pathic supraventricular and ventricular arrhythmias but 
— otherwise without known cardiac disease were selected as the 

study group from a large pediatric cardiology clinic population 
during a 2 year period. All 19 children were asymptomatic 
apart from their arrhythmias and had been referred specifi- 
"cally for evaluation of an irregular or markedly slow pulse rate. 
All arrhythmias were confirmed with a resting electrocardi- 
-'ograms before the child's entrance into the study. There were 
::.9 boys and 10 girls whose ages ranged from 5 to 16 years (mean 
11 years). No child was physically trained or conditioned. 
Nene had evidence of cardiovascular disease clinically by 
‘routine laboratory testing, chest X-ray examination or echo- 
< -eardiogram, except for an abnormal frontal plane electro- 
".cardiographic axis of —30? in Patient 10 (Table D. No child 
had a past history or family history of heart disease or evidence 
- of preexcitation, hypoxia, electrolyte abnormalities or thyroid 
dysfunction. In two.children (Patients 10 and 11) cardiac 
-catheterization and ventricular angiographic findings were 
< normal | 
The study population consisted of two groups: Group I 
- (Table D included 12 children with known ventricular ar- 
orhythmias. Group II (Table II) included seven children with 
known supraventricular arrhythmias. 
- In Group I, nine children had isolated ventricular prema- 
ture complexes at rest (Patients 1 to 9), and one child each had 
accelerated idioventricular rhythm (Patient 10), ventricular 








tachycardia (Patient 11) and ventricular parasystole (Patient 
12). In Greup Il, five children had supraventricular or junc- 
tional premature complexes (Patients 13 to 17), and two had 
episodes of severe sinus bradycardia (Patients 18 and 19). 

Exercise tests: All 19 children underwent two separate 
continuous graded maximal exercise stress tests performed 
1 hour to 1 year apart (mean 3.1 months), using the standard 
Bruce protocol. 18 Equipment consisted of a Quinton Exercise 
Treadmill, model 18-54, and Marquette series 3500 exercise 
system recorded with continuous electrocardiographic mon- 
itoring by oscilloscope and electrocardiographic printout. 
Continuous monitering was started 6 minutes before exercise 
and was continued up to 20 minutes after exercise. Modified 
leads II, V; and V5 were employed and were recorded without 
interruption. l 

Before exercise, heart rate, blood pressure and a standard 
12 lead eleetroéardiogram and a Frank orthogonal lead (X, Y, 
Z) electrocardiograms were recorded at rest and during sitting, 
standing, the Valsalva maneuver and hyperventilation. Blood 
pressure was monitored throughout the study. In all subjects 
an attempt was made to achieve maximal duration of exertion. 
Exercise was terminated abruptly without a “winding down" 
period, and the patient was placed in the supine position. 

Data collection and analysis: Maximal heart rates, blood 
pressure and the duration. of exertion were recorded. Ar- 
rhythmias were diagnosed using standard criteria." The 
frequency and type of arrhythmia and relation to heart rate 
were noted and recorded. The two exercise tests were per- 
formed independently under supervision by different cardi- 
ologists, and independent analysis of the data was performed. 
The results of each test were then compared in each child. The 
statistical significance, or its lack, of differences in maximal 
heart rate achieved, duration of exertion, heart rate at sup- 
pression or induction of arrhythmias and Q-T intervals for the 
two tests was determined with Student's ¢ test. Correlation 

















TABLE | 
Group i: Ventricular Arrhythmias 
Exercise 1 Exercise 2 Ambulatory Monitoring Electrophysiologic 
Case Age (yr) Arr Pre- HR at Í HR at * | Effect of Rate-Re- HR at | or Stud 

no. & Sex Exercise Effect or i Effect ori Arr Sleep lated, Max HR(M) Effect HR at) 
1 8M | VPC ivPC 150 {VPC 158 VPC i i 130 
2 16F VPC + VPC 136 ivPC 150 VPC t | 140 
3 9M VPC iVPC 150 {VPC 150 VPC i i 150 heal "- 
4 i6F VPC .VPC 170 {VPC 176 VPC None No 94M ;VPC 180 
5 8F . VPC iVPC 140 ivPC 140 - dos T 
6 16F VPC .VPC 158 {VPC 158 VPC i No 115M 
7 16F VPC <=VPC 80 ivPC 88 ZA PT "e 253 uc was 
8 13M. VPC .VPC* 160 ivPC 187 VPC None No 125M Į VPC 170 
9 5F VPC VPC... VPC "T e. iid T TO io 

10 9M | VPC/ +AIVR 136 AIVR 142 VPC/ None No 110M ÍAIVR 150 

AIVR AIVR 
11 7F . VPC/ NSR/ 187/ NSR/ 187/ 1) VPC, None No 1)120M = VPC 182 
VT VT 160 VT 167 no VT 2) 124M 
2)VT! 
12 16F Vent ¿Vent 200 {Vent 200 Vent None No 110M 
para para para para 





* One ventricular couplet occurred after exercise. 

t Ambulatory monitoring performed in two 24 hour periods. 

+ = suppression (of); — = unchanged; * = increase(d); AIVR = accelerated idioventricular rhythm; Arr = arrhythmias; HR = heart rate (beats/min); 
Max = maximal; NSR-= normal sinus rhythm; Vent para = ventricular parasystole; VFC = ventricular premature complexes; VT = ventricular 
tachycardia. 
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- coefficients were also determined for the maximal heart rate 


achieved and duration of exertion in the two exercise tests. 
Four children from Group I underwent intracavitary 


:celectrophysiologic studies (Table I), and 15 patients had 24 
tt hour ambulatory monitoring at the time of the first exercise 
* test: Intracardiac electrophysiologic studies were performed 
- using standard techniques and standard pacing procedure to 
- try to provoke sustained atrial and ventricular tachyar- 
— rhythmias.!? Electrograms were recorded at filter frequencies 
"tof 40 to 500 hertz on an Electronics for Medicine DR-8 re- 


` search recorder at a paper speed of 100 mm/sec. Normal values 


for intracardiac conduction intervals in children were taken 
from previous studies.!? Twenty-four hour ambulatory elec- 


` trocardiographic monitoring was performed on an Avionics 


model 445 Electrocardiocorder, and records were evaluated 
by a trained nurse using the Avionics 660 Electrocardioscan- 
ner. Data derived from these two modes of testing were com- 
pared with those obtained during exercise testing with respect 
to detection of arrhythmias and effect of increased heart 
tate. 


Results 
There was no statistically significant difference be- 


tween the first and second exercise test in any child with 


- regard to mean maximal heart rate achieved (192 + 22 
— versus 196 + 19 beats/min.) (mean + standard devia- 


* 


tion) and duration of maximal exertion (9 26/60 + 
1 35/60 versus 9 37/60 + 1 36/60 min) (Fig. 1 and 2), 
although in individual patients there was some varia- 
tion. Significant S-T segment changes—that is, 1 mm 
or more of S- T segment depression 80 msec after the J 
point!6— did not occur in any of the 19 children. Q-T 
intervals were normal and varied appropriately with 
heart rate in all patients. Mean maximal systolic blood 
pressure was 162 + 32 mm Hg on the first and 162 + 26 
on the second exercise test. The type of arrhythmia had 
no influence on any of these variables; all but one child 
(Patient 7) achieved the maximal heart rate. 


Group I: Ventricular Arrhythmias 


Exercise tests: Twelve children (Patients 1 to 12) 
had ventricular arrhythmias before exercise testing. 











TABLE il 
Group il: Supraventricular Arrhythmias 
Exercise 1 
Case Age (yr) Arr Pre- HR at Í 
no. & sex Exercise Effect ory 
13 9F JPC ,JPC 137 
14 13M SPC Tspe, 80 
‘ect AR? 
15 1iF SPC SPC 120 
16 7M JPC ¿JPC 160 
17 11M SPC VPC, 126 
+ SPC 82 
18 13M SB P D 
19 11M SB SPC* 





* Arrhythmia occurred after exercise. 
* Minimal heart rate. 
* suppression (of); 1 = increase(d). 
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Nine children had isolated ventricular premature 
complexes (Patients 1 to 9) and eight of these (Patients 
1 to 8) reproducibly showed complete suppression of 
ventricular premature complexes during exercise ata 
heart rate that was similar in the first and second tests 
(Table I). Heart rates at the time of arrhythmia sup- 
pression ranged from 80 to 170 (mean 142 + 26) beats/ 
min in the first test and from 88 to 187 (mean 150 + 28) 
beats/min in the second test. This difference in heart 
rate at the time of suppression was significant (P < 
0.05). In one child (Patient 9) suppression of ventricular 
premature complexes did not occur despite maximal 
heart rates of 240 and 200 beats/min, respectively, 
during the two tests. In all eight children who showed 
arrhythmia suppression during exercise, ventricular 
premature complexes returned promptly after exercise 
when the heart rate fell below the rate of suppression 


and were increased in frequency for 1 to 3 minutesafter — 


exercise. There were no runs of ventricular tachycardia 
or alteration in coupling interval or wave form of the 
ventricular premature complexes at the termination of 
exercise. However, in two patients (Patients 2 and 8) 
single ventricular couplets were recorded after only one 
of the two exercise tests. 

Ambulatory electrocardiographic monitoring: 
Ambulatory monitoring for 25 hours in six of the nine 
children with isolated ventricular premature complexes 
(Patients 1 to 4, 6 and 8) revealed that, during the day, 
suppression of ventricular premature complexes oc- 
curred in Patients 1 to 3. The suppression occurred in 
each child at heart rates similar to those that caused 
arrhythmia suppression during exercise. In the three 
children whose arrhythmia was not suppressed during 
ambulatory monitoring, heart rates never approached 
those that caused suppression during exercise. However, 
during sleep an entirely different situation prevailed, 
in that ventricular premature complexes were also 
suppressed at slow heart rates in a nonpredictable 
manner in four of the six patients who underwent am- . 
bulatory monitoring (Patients 1 to 3 and 6). Diminution 














Exercise 2 Ambulatory Monitorin: 
HR at f Rate HR at | or 
Effect or i Arr Related. — Max HR (M) 
pe 146 JPC No 115M 
SPC, 120 SPC SB No 86M 
ect AR* (HR 355) 
pt 122 isi Mm. n 
JPC 125 JPC DN 140 
VPC 130 SPC No 110M 
| SPC 84 No VPC 
NA ae SB (HR 377) 90M 
SPC* SB (HR 401) 167M 
No SPC 





Arr = arrhythmia; Ect AR =-ectopic atrial rhythm; HR = heart rate (beats/min); JPC = junctional premature complexes; Max = maximal: SB - 
= sinus bradycardia; SPC = supraventricular premature complexes; VPC = ventricular premature complexes. : 
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o-Group i 


EXERCISE II 
HEART RATE (beats/min) 
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HEART RATE (beats/min) 
EXERCISE I 
“FIGURE: 1. Maximal heart rates in all patients in the first (horizontal 


^ axis) and second (vertical axis) exercise tests. The numbers correspond 
«fo thé patient numbers listed in Tables | and Il. r = 0.498. 


~ of ventricular arrhythmias during sleep, perhaps be- 
"cause of a decrease in sympathetic tone, is a well known 
phenomenon.!9 
One child with ventricular parasystole (Patient 12) 
had the ectopic rhythm transiently overdriven at rates 
of 200/min on both exercise tests. We attribute this 
“suppression” to the rapid rate, which kept the ventricle 
refractory to depolarizing stimuli from the parasystolic 
~foeus. During 24 hour ambulatory monitoring para- 
systole was never suppressed, even during sleep. Heart 
rates of 220/min were not observed on ambulatory 
monitoring. One child with accelelerated idioventricular 
rhythm (Patient 10) demonstrated reproducible ar- 
~ rhythmia suppression (Table I) on exercise. During 24 
hour ambulatory monitoring there was no suppression 
(during waking or sleeping hours), but the heart rate 
never approached the rate at which arrhythmia sup- 
_ pression occurred on exercise testing. One child (Patient 
- 11) had ventricular tachycardia, which was induced at 
similar heart rates (160 and 167 beats/min) (Fig. 3) 
~ during both exercise tests. Ventricular tachycardia did 
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EXERCISE I 


FIGURE 2. Duration of maximal exertion in all patients in the first and 
second exercise tests. Symbols as in Figure 1. r= 0.762. 


not occur during one 24 hour period of ambulatory 
monitoring but did occur once during a second 24 hour 
period. 

Intracavitary electrophysiologic studies: These 
were performed in four children (Patients 4, 8, 10 and 
11) with ventricular arrhythmias. These studies con- 
firmed that the arrhythmias were indeed ventricular 
and there was no evidence of accessory pathways 
functioning in an anterograde or retrograde direction. 
Ventricular tachycardia could not be provoked by rapid 
pacing or premature stimulation and intracavitary 
conduction intervals were normal in all four patients. 
Suppression of the arrhythmias occurred during atrial 
pacing at rates similar to those that resulted in ar- 
rhythmia suppression during exercise (Table D. More 
serious ventricular arrhythmias could not be induced 
by premature atrial or ventricular stimulation or by 
rapid pacing. The child with ventricular tachycardia on 
both exercise tests (Patierit 11) also had during cathe- 
terization runs of spontaneous ventricular tachycardia 
that were unrelated to pacing. 


FIGURE 3. Patient 12. Onset of ventricular tachycardia 
during two separate exercise tests. In the first exercise 
test (Aj, there were ventricular premature complexes at 
rest (baseline). At 8 minutes. 40 seconds during the test, 
when the heart rate was 160 beats/min, there was a 
ventricular couplet, followed. by two sinus beats, and then 
the onset of a run of ventricular tachycardia. In the second 
exercise test (B) ventricular premature complexes oc- 
curred at rest as in A, and at 9 minutes, 40 seconds during 
the test a run of ventricular tachycardia occurred when 
the heart rate was 187 beats/min. 
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. .. Seven children (Patients 13 to 19) had ventricular 

-arrhythmias before exercise testing (Table II). Of these, 
_ the five with supraventricular or junctional premature 
_ complexes (Patients 13 to 17) showed reproducible ar- 
_ rhythmia suppression during both exercise tests, and 
in three of these suppression occurred at similar heart 
. rates. Supraventricular premature complexes returned 
— im all three children immediately after exercise. Two 
_ children with severe sinus bradycardia before exercise 
(Patients 18 and 19) were able to increase their heart 
rate significantly during exercise (Fig. 1). Neither child 
was a conditioned athlete. One of the two (Patient 19) 
had reproducible ventricular premature complexes after 
both exercise tests. 

Additional arrhythmias: Exercise testing repro- 
ducibly elicited several additional arrhythmias in these 
_ children from Group II: runs of ectopic atrial rhythm 
- (Patient 14) and ventricular premature complexes 
- during exercise (Patient 17) (both children were thought 
. simply to have supraventricular premature complexes) 
- and supraventricular premature complexes after exer- 
_ cise in a child (Patient 19) thought to have only episodes 
of severe. sinus bradycardia. Also, ambulatory moni- 
toring detected severe unsuspected sinus bradycardia 
with heart rates of 35 to 37 beats/min during sleep in one 
child with supraventricular premature complexes 
(Patient 14). 

Response to variations in heart rate: Greater 
variability in response of arrhythmias to specific in- 
creases in heart rate occurred in patients in Group II 
than in patients in Group I. As noted, suppression of 
supraventricular or junctional premature complexes 
occurred at similar heart rates during both exercise tests 
in only three of the five children. With ambulatory 
monitoring, heart rates as high as those that suppressed 
arrhythmias during exercise did not occur in one child 
: (Patient 13), and variation in response between ambu- 
latory monitoring and exercise also occurred in the three 
-other children who underwent monitoring. (Patients 14, 
- 16 and 17). Unlike most of the patients with ventricular 
premature complexes these children had no suppression 
of supraventricular or junctional premature complexes 
during sleep. Intracavitary electrophysiologic studies 
were not carried out in any child in Group II. 







Discussion 


Maximal treadmill exercise testing using existing 
methodology is readily applicable to evaluation of ar- 
rhythmias in children. In our study, effects of exercise 
on a variety of chronic ventricular and supraventricular 
- arrhythmias could be rapidly assessed and, although the 
- number of patients was not large, results were highly 
reproducible in all 19 children evaluated. Comparison 
of our results with those of others is difficult because 
there are no previous studies assessing reproducibility 
^ of arrhythmias in children during exercise, although it 
-is known that arrhythmias with exercise are very rare 
.in normal children.24 Adults with ventricular ar- 
|^ rhythmias do not respond reproducibly to exercise,! 415 





. EXERCISE AND CHILDHOOD ARRHYTHMIAS--ROZANSK! ET AL. — 


but the reproducibility of the exercise response to ar- 
rhythmias has not been previously evaluated in chil- 
dren. 

Importance of heart rate: In this study, heart rate 
was important in determining the response of ventric- 
ular arrhythmias as suggested by the general similarity 
of heart rates at suppression of ventricular premature 
complexes in a particular patient during repeated 
maximal exercise testing, ambulatory monitoring or 
(when performed) atrial pacing. Also in the two patients - 
with induced ventricular arrhythmias (Patients 11 and < 


17) heart rates at the time of induction of arrhythmias 


were similar. The only difference noted was a small but 
statistically significant increase in heart rate required 
to suppress ventricular premature complexes from the 
first to the second test in Patients 1 to 8, which occurred 
for unclear reasons. Autonomic tone was also important 
because certain patients with ventricular arrhythmias 
continuously present below certain heart. rates during 


waking hours had a decrease in arrhythmias at similar > 


or lower heart rates during sleep, when sympathetic tone 
is markedly decreased. relative to parasympathetic 
tone.!9 However, in other patients ventricular ar- 
rhythmias were unchanged during sleep, as were atrial 
arrhythmias. Also, the response of atrial arrhythmias 
to specific increases in heart rate was far more variable 
than that of ventricular arrhythmias. 

After cessation of exercise, the frequency of ventric- 
ular premature complexes and other arrhythmias in- 
creased. Hemodynamic factors, that is, a sudden de- 
crease in venous return and cardiac output coupled with 
persistence of peripheral vasodilatation and lowered 
blood pressure, may have played a role. Possibly also 
differences between the rate of decline in sympathetic 
tone from that of heart rate after exercise might be 
important. A gradual winding down rather than abrupt 
cessation of exercise might have curtailed the transient 
postexercise increase in arrhythmia, although it would 
not have served the purpose of the test. 

Clinical value of exercise testing: The group of 
apparently normal children we studied had no evidence 


-of underlying heart disease and were therefore consid- 


ered to have idiopathic arrhythmias. In spite of the 
uncertain etiology of arrhythmias in our group, our re- 
sults demonstrate the importance of complete diag- 
nostic evaluation especially utilizing maximal exercise 
stress testing in most if not all children with arrhyth- 
mias. For ventricular arrhythmias in our group of pa- 
tients, maximal exercise testing yielded results more 
rapidly than 24 hour ambulatory monitoring, and in two 
children ventricular tachycardia and ventricular pre- 
mature complexes were induced by exercise (Patients 
11 and 17). In no case did maximal exercise testing fail 
to detect ventricular arrhythmias evident on 24 hour 
ambulatory monitoring. In patients in Group II with - 


atrial arrhythmias (some of which might be considered. < 


relatively *minor"), we found ectopic atrial rhythm with 
maximal exercise testing and previously unsuspected 
sinus bradycardia with ambulatory monitoring in one 
patient (Patient 14), ventricular premature complexes — 
induced by exercise in another patient with supraven- 
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tricular premature complexes (Patient 17), and supra- 
ventricular premature complexes in a patient with sinus 
bradyeardia (Patient 19). Thus the finding of certain 
arrhythmias previously considered benign in an oth- 
erwise healthy child may be only part of a more gener- 
alized arrhythmia complex and may be sufficient cause 
for more extensive evaluation, particularly with maxi- 
mal exercise testing, but also with ambulatory moni- 
` toring and, possibly, intracardiac electrophysiologic 
studies. 

Therapeutic implications: Current approaches to 
therapy of arrhythmias in children are largely empirical 
because little is known about the natural history or 
dangers of these arrhythmias. Some patients with 
ventricular arrhythmias or sinus nodal dysfunction and 
no other apparent underlying heart disease are subject 
to südden death?9?! and, therefore, it is important to 





do appropriate complete evaluations and follow up 
these patients. Whether to allow or restrict exertional 
activities in a child with arrhythmias is not clear. In the 
present study of a small group of children we found that 
maximal exercise testing could either suppress or induce 
arrhythmias reproducibly. Because of the reproduc- 
ibility of the test it would appear to be valuable in de- 
ciding whether to restrict or allow exertional activities 
and in assessing the efficacy of antiarrhythmic drugs 
although there is no evidence that suppression or in- 
duction of arrhythmias with exercise indicates overall 
prognosis. 
Acknowledgment 

We thank Maureen Baker for her technical help in per- 
forming the exercise tests, Eva Malonyan, RN for help in the 
ambulatory monitoring tests and Harry Smith, PhD, for help 
in statistical analysis of data. 


References 


1. Goldberg SJ; Weiss R, Adams FH: A comparison of the maximal 

endurance of normal children and patients with congenital cardiac 
. .; disease. J Pediatr 69:46-55, 1966 

2. Kramer JD, Lurie PR: Maximal exercise tests in children. Am J Dis 
Child 108:283—297, 1964 

3: Goldberg SJ, Mendes F, Hurwitz R: Maximal exercise capability 
of children as a function cf specific cardiac defects. Am J Cardiol 
23:349—353, 1969 

4. James FW, Kaplan S, Schwartz DC, Chou T, Sandker MJ, Naylor 
V: Response to exercise in patients after total surgical correction 
of tetralogy of Fallot. Circulation 54:67 1-679, 1976 

§. Goldberg SJ: Comparison of the maximal endurance of cardiac 
pre- and postoperative patients and normals. Isr J Med Sci 5: 
589-543, 1969 

6. James FW, Tsay JY, Kaplan S: Pre and post-exercise systolic time 
intervals in aortic stenosis (abstr). Am J Cardiol 39:311, 1977 

7. James FW, Kaplan S, Schwartz DC: ischemic ST segments during 
exercise in children after coarctectomy (abstr). Am J Cardiol 
37:145, 1976 

8. Schwartz DC, James FW. Kaplan DC: Exercise induced ST seg- 
ment depression in children with mitral valve prolapse (abstr). 
Circulation 51: Suppl I1-67, 1975 

9. Francis CK, Bleakley DW: Maximal treadmill exercise and systolic 
time intervals in sickle cell trait (abstr). Circulation 51: Suppl t:i-78, 
i975 

10. Chandramouli B, Ehmke DA, Lauer RM: Exercise induced elec- 

trocardiographic changes in children with congenital aortic ste- 
fiosis. J Pediatr 87:725-730, 1975 


11. Hernandez A, Strauss A, Hartman AF, Goldring D: idiopathic : 


paroxysmal ventricular tachycardia in childhood (abstr). Am J 


Cardiol 33:143, 1974 

12. Taylor MR, Godfrey S: Exercise studies in congenital heart block. 
Br Heart 4 34:930—935, 1972 

13. Jelinek MV, Lown B: Exercise stress testing for exposure of cardiac 
arrhythmias. Prog Cardiovasc Dis 13:497—502, 1974 

14. Faris JV, McHenry PL, Jordon, JW, Morris SN: Prevalence and 
reproducibility of exercise-induced ventricular arrhythmias during 
maximal exercise testing in normal man. Am J Cardiol 37:617-625, 
1976 

15. Sheps DS, Ernst JC, Briese FR, Lopez LV, Conde CA, Castellanos 
A, Myerburg RJ: Decreased frequency of exercise-induced ven- 
tricular ectopic activity in the second of two consecutive treadmill 
tests. Circulation 55:892-895, 1977 

18. Bruce RA: Exercise testing of patients with coronary heart disease: 
principles and normal standards for evaluation. Ann Clin Res 3: 
323-332, 1971 

17. Wellens.HJJ, Shuilenberg RM, Durrer D: Electrical stimulation of 
the heart in patients with ventricular tachycardia. Circulation 46: 
216-226, 1972 

18. Kupersmith J, Krongrad E, Waldo AL: Conduction intervals and 
conduction. velocity in the human cardiac conduction. system. 
Circulation 47:776-785, 1973 

19. Lown B, Tykocinski M, Garfein A, Brooks P: Sleep and ventricular 
premature beats. Circulation 48:691-701, 1973 

20. Lesch M, Lewis E, Humphries JO, Ross RS: Paroxysmal ventricular 
tachycardia in the absence of organic heart disease. Ann Intern 
Med 66:950-960, 1967 

21. James TN, Froggatt P, Marshall TK: Sudden death in young ath- 
letes. Ann intern Med 67:1013—1021, 1967 


956 May 1979. The American Journal of CARDIOLOGY Volume 43. = 






‘In Childhood 


TERESA E. BERRY, MD 
KALIM U. AZIZ, MD 
_ MILTON H. PAUL, MD, FACC 


_ Chicago, Illinois 


From.The Willis J. Potts Children’s Heart Center, 
Division of Cardiology, The Children's Memorial 
Hospital and the Department of Pediatrics, 
‘Northwestern University Medical School, Chicago, 
Ailinois. This study was supported in part by the 
Walden W. Shaw Foundation, the Feldstein 
Family Fund and the Irving Price Foundation for 
Heart Research, Chicago. Illinois. Manuscript re- 
ceived September 20, 1978; revised manuscript 
received. December 27, 1978, accepted De- 
*cember 28, 1978. 
<: Address for reprints: Teresa E. Berry, MD, The 
: Children's Memorial Hospital, Division of Cardi- 
zology, 2300 Children's Plaza, Chicago, Illinois 
:60614. 


* 





'hocardiographic Assessment of Discrete Subaortic Stenosis 


The validity of Laplace's relation for assessing peak left ventricular 
pressure has previously been demonstrated in children with congenital = 
aortic valve stenosis by using the echocardiographicaily determined 

end-diastolic h/r ratio (that is, the ratio of mean left ventricular septal and 
posterior wall thicknesses to half the minor left ventricular cavity axis). 


This report examines the applicability of this ratio to the preoperative E 


assessment of left ventricular pressure in 17 children with discrete sub- 


aortic stenosis. Because the regression equation derived from previously . 
published data on patients with aortic valve stenosis andthe present data — 


on children with subaortic stenosis were similar, a pooled estimate of peak 


left ventricular pressure (LVP) in children with left ventricular outflow tract vo 


obstruction is presented: LVP = 312.23 (h/r) + 28.01 (h/r). 

Additionally, the left ventricular outflow tract was measured as the — 
anteroposterior dimension between the first recognizable closure point 
of the mitral valve and the interventricular septum and expressed as the 


left ventricular outflow tract/aortic root dimension (LVOT/Ao) ratio. This — 


ratio was lower in patients with subaortic stenosis than in control subjects 
and was heipful in differentiating patients with mild stenosis from those 
with more severe stenosis. The prevalence of echocardiographically 


observed features such as early systolic closure of the aortic valve and — 


fluttering of the aortic valve leaflets could not be correlated with the se- 
verity of stenosis. It is concluded that the end-diastolic h/r ratio and the 


LVOT/Ao ratio are quantitatively useful in the assessment of subaortic = 


stenosis, whereas the commonly present motion abnormalities of the 
aortic valve are not indicative of the severity of the subaortic lesión. 


Anatomic stenosis at the subaortic region may be due to a fibrous 
membrane, fibromuscular ridge or fibromuscular tunnel in the outflow 
tract of the left ventricle.!-? These anatomic types can be differentiated 
and their severity assessed by angiographic and hemodynamic studies | 
at cardiac catheterization. In the past various noninvasive techniques. 
have been used to assess the severity of aortic valve stenosis. Principal 
among these have been clinical findings,*-9? electrocardiography at rest 
and at exercise,’ vectorcardiography?-!! and phonocardiography. These 
methods have been directed to the estimation of both peak left ven- 
tricular pressure and the pressure difference across the left ventricular 
outflow tract. Each method has been useful but none has proved con- 
sistently reliable.5.!?-!4 

Recently, single crystal M mode echocardiography has been shown 


to be useful in diagnosing discrete subaortic stenosis. Narrowing ofthe — — 
left ventricular outflow tract and motion abnormalities of the aortic valve — 
have been described, although quantitative assessment of theleftven- __ 

tricular outflow tract has not been reported.^-?9 Echocardiographic 
methods using left ventricular systolic cavity and wall dimensions have 
been found useful in the estimation of left ventricular pressure? 4 fp —— 
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an earlier study on congenital aortic valve stenosis we? 
reported a linear relation between the echocardio- 
graphically determined end-diastolic h/r ratio (ratio of 
the mean left ventricular posterior and septal end- 
diastolic wall thicknesses to half the end-diastolic minor 
axis) and the peak left ventricular pressure as measured 
at cardiac catheterization. 

In this report we present data for quantitative as- 
sessment of the left ventricular outflow tract, evaluate 
the applicability of the end-diastolic h/r ratio to esti- 
mation of peak left ventricular pressure in children with 
subaortic stenosis, and examine the prevalence of other 
echocardiographically observed features suggestive of 
that diagnosis. 


Methods 


Patients: Seventeen patients with discrete subaortic ste- 
nosis, 1.6 to 16.4 (mean 9.0) years old, were studied with 
echocatdiography and cardiac catheterization. The angio- 
graphic diagnosis was membranous obstruction in 5 patients, 
fibromuscular obstruction in 10 patients and fibroma at the 
base of the aortic valve in 1 patient; in 1 patient the nature of 
subaortic obstruction was not clearly seen angiographically. 
'Ten of the 17 patients subsequently had surgery and the an- 
giographic diagnoses were confirmed in all. Patients with 
asymmetric septal hypertrophy and other forms of cardio- 
myopathy as well as patients who had previously had cardiac 
Surgery were excluded. 

Echocardiographic measurements: Echocardiograms 
were obtained with a Smith-Kline Ekoline-20 echocardio- 
graph coupled to a Honeywell 1856 strip chart recorder. A 2.25 
megahertz transducer was used for larger children and a 3.5 
megahertz transducer for small children. All echocardiograms 
were obtained in a standardized manner so that the left ven- 
tricular echocardiogram was recorded at the tip of the mitral 
valve. 

Measurements of the left ventricular end-diastolic and 
end-systolic posterior and septal wall thicknesses as well as 
the left ventricular end-diastolic minor axis were made at this 
site. Septal thickness was measured from the right ventricular 
to the left ventricular endocardium, and posterior wall 
thickness was measured from the endocardium to the epi- 
cardium. The end-diastolic minor axis was measured at the 
time of the peak of the R wave of the electrocardiogram. The 


. left ventricular outflow tract was measured as the antero- 


posterior dimension between the septum and the first recog- 











nizable closure point of the mitral valve below the level of the 
aortic valve. The measurement extended from the anterior 
edge of the mitral valve echo to the posterior endocardial edge 
of the interventricular septum echo. Distortion of the left 
ventricular outflow tract was avoided by the maintenance of 
parallel alignment between the aorta and the interventricular 
septum during the echocardiographic sweeps. Because the 
absolute left ventricular outflow tract dimension varied with 
the size of the patient, this measurement was normalized by 
expressing it as a fraction of the end-systolic anteroposterior 
dimension of the aorta (LVOT/Ao)} (Fig. 1). The aortic root 
dimensions were measured from the outer edges of the aortic 
wall echo at end-systole. The aortic valve was examined for 
evidence of early systolic closure or fluttering of the leaflet, 
or both. 

Pressure measurements: The left ventricular peak systolic 
pressure and pressure difference across the left ventricular 
outflow tract were obtained at cardiac catheterization within 
24 hours before or after echocardiography. All pressure mea- 
surements were made before angiography using carefully 
flushed fluid-filled catheters coupled to a Statham model 
P23H strain gauge pressure. transducer. Cardiac output 
measurements, made using the Fick technique, ranged from 
3.1 to 5.9 (mean 4.5) liters/min per m?. 

A regression equation was developed relating the peak left 
ventricular pressure as measured at cardiac catheterization 
to the echocardiographically determined end-diastolic h/r 
ratio. Because this equation was similar te one previously 
derived from data on 16 patients with congenital aortic valve 
stenosis, a third equation was developed based on all 33 pa- 
tients—17 with subaortic stenosis and 16 with valve stenosis. 
Confidence limits of the echocardiographically estimated left 
ventricular pressure based on this final equation were calcu- 
lated using f statistics. 


Results 


The echocardiographic and hemodynamic measure- 
ments in 17 patients with discrete subaortic stenosis are 
presented in Table I. The peak left ventricular pressure 
ranged between 90 and 220 mm Hg. The peak systolic 
pressure difference between the left ventricle and the 
aorta ranged between 10 and 125 mm Hg. 

Morphology of the aortic valve: The echocardio- 
graphic findings were adequate to evaluate the aortic 
valve in 15 of 17 patients with subaortic stenosis. In six 
children the valve appeared normal. Early or mid sys- 


FIGURE 1. Echocardiographic scan 
from the aorta (AO) to the left ven- 
tricie (EV). Note the parallel align- 
ment cf the aorta to the interven- 
tricular septum (S). The left ven- 
tricular outflow (L VO) tract is mea- 
sured as the anteroposterior di- 
mension (*) between the septum 
and the first recognizable closure 
point of the mitral valve (MV) below 
the level of the aortic valve. The 
aorta is measured as an antero- 
posterior dimension between the 
outer edges of the anterior and 
posterior vessel wall at end-systole. 
e = early systolic closure of the 
aortic valve; LA = feft atrium; LV = 
left ventricle. RV = right ven- 
tricie. 
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.. Echocardiographic and Hemodynamic Measurements and Derived Variables in 17 Children With Discrete Subaortic Stenosis 
z LVOT Ao Early 
s Type of Dimen- Dimen- or Mid 
se Age BSA Subaortic LVP LV-Aoâp sion sion Flut- Systolic 
o. yn (m?) Obstruction (mm Hg) (mm Hg) h/r (cm) (cm) LVOT/Ào ter Closure 
d c 0128 134 Fibromuscular 160 80 0.50 1.0 2.8 0.36 F + 
2 164 1.46 Fibromuscular 135 25 0.45 2.6 3.2 0.81 = e 
3. 59 0.89 ? 110 10 0.35 1.5 2.2 0.68 = = 
E 1.6 0.42 Fibromuscular 220 100 0.62 0.7 1.8 0.39 + = 
5 5.8 0.68 Fibromuscular 130 15 0.52 0.9 1.6 0.60 * A 
6 4.1 0.66 Fibromuscular 143 46 0.45 1.0 2.4 0.42 + e 
7 70 0.82 Fibromuscular 130 30 0.39 15 2.2 0.68 ee ru 
8 10.2 1.18 Membranous 90 10 0.31 16 2.2 0.73 aoe eG 
8 4.9 0.80 Fibroma or cyst at 95 20 0.30 t2 19 0.63 = + 
base of valve 
10 14.3 1.57 Membranous 135 20 0.43 1.3 2.8 0.46 * * 
11 5.8 0.84 Membranous 175 85 0.57 1.2 2.5 0.48 vU = 
12 14.3 1.56 Fibromuscular 150 30 0.44 t; 2.6 0.65 * + 
13 8.3 1.25 Fibromuscular 160 55 0.47 +3 29 0.45 se + 
14 8.5 1.04 Fibromuscular 200 125 0.66 14 2.1 0.66 os Aste 
15 10.4 1.26 Membranous 110 20 0.41 1.5 2.9 0.52 d + 
16 7.0 0.86 Membranous 140 35 0.43 1.8 2.6 0.69 E EE 
q7...126 1.29 Fibromuscular 120 10 0.35 2.0 3.0 0.67 = ~ 





. left ventricular end-diastolic minor axis). 
+= present; — = absent; ... = valve leaflets not seen. 


-tolic closure of the valve was noted in three patients. 
-Coarse fluttering or high frequency vibration, or both, 
of the leaflets were seen in three patients. In three pa- 
tients there was early systolic closure as well as flut- 
- tering of the leaflets. There was no correlation between 
-- the type of angiographically determined anatomic ob- 
-struction and these abnormalities. We did not confi- 
dently identify anomalous linear echoes of the ob- 
structing membrane in the left ventricular outflow tract. 
of any of our 17 patients. 
-= Quantitation of left ventricular outflow tract 
- (LVOT): The 17 patients with subaortic stenosis had 
. asignificant (P <0.001) reduction in the LVOT/Ao ratio 
^ (mean = 0.58 + 0.13.standard error of the estimate) 
when compared with values in 42 control subjects (0.88 
. +0.06). The 11 children with a left ventricular outflow 
. tract pressure gradient of less than 40 mm Hg (21.4 + 
8.7) had a moderately reduced ratio (0.65 4 0.10). The 
-six patients with a gradient of more than 40 mm Hg 
= (81.8 + 29.0) had a significantly (P <0.001) greater re- 
- duction in the LVOT/Ao ratio (0.46 + 0.10). 
Estimation of peak left ventricular pressure: The 
 echocardiographically determined end-diastolic h/r 
ratio had a linear relation to the peak left ventricular 
pressure measured at cardiac catheterization for pa- 
tients with subaortic stenosis similar to the relation we 
previously demonstrated for patients with aortic valve 
stenosis (Fig. 2). 
-. The regression equation relating left ventricular 
- pressure (LVP) to the end-diastolic h/r ratio for the 
-< patients with subaortic stenosis was LVP = 314.21 (h/r) 
|' + 8.95 (standard error of the estimate). In an earlier 
| report we noted a similar relation in 19 children with 
. aortic valve stenosis??: LVP = 6 + 298 (h/r) + 13.4. 
- When three patients with valve stenosis previously 
operated on were excluded from this regression analysis, 








b Ao = aorta, BSA = body surface area; h = mean of posterior and septal wall thicknesses; 
— the left ventricle and the aorta; LVOT = feft ventricular outflow tract; LVP = peak left ventricular pressure; r = 
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LV-Ao/Ap = peak systolic pressure difference between. 


the new equation based on 16 patients was not signifi- 


cantly different from that obtained in the patients with t 


subaortic stenosis: LVP = 312.75 (b/r) + 9.75. Accord- 
ingly, the two groups of patients were combined anda 
pooled estimate was made of peak left ventricular _ 
pressure in children with surgically untreated left _ 


240 





* Subaortic 
9-Valvülar 


FIGURE 2. Relation between echocardiographically determined left. 


ventricular end-diastolic h/r ratio (ECHO h/r) and left ventricular peak. : 


systolic pressure (LVP) at cardiac catheterization in 17 children with v 


discrete subaortic stenosis (closed circles) and in 16 children with 
congenital aortic valve stenosis (open circles). The solid line indicates 


the 0.50 probability level. The dotted lines define the 090 and 0.10 — 
confidence limits. : : 








minor semiaxis (half of the measured 
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TABLE Il 
Range of Standard Error for the Echocardiographically 


TABLE Ill 
Probability (P) of Peak Systolic Left Ventricular Pressure 


Predicted Left Ventricular Pressure 





E LVP Standard 
h/r (mm Hg) Error 
0.30 94.0 8.40 
0.40 125.3 11.20 
0.50 156.6 14.01 
0.60 187.9 16.81 
0.70 219.3 19.61 


h/r = ratio of mean of posterior and septal wall thicknesses to minor 
semiaxis of left ventricle; LVP = peak systolic left ventricular pressure. 


ventricular outflow tract obstruction: LVP — 312.23 
(h/r) + 28.01 (h/r). 

Because examination of the data indicated that de- 
viations from the estimate tended to be larger when the 
estimated left ventricular pressure was greater, it 
seemed appropriate to express the standard error as a 
proportion of the estimate. Furthermore, because the 
estimated pressure was directly proportional to the 
end-diastolic h/r ratio, the standard error could be ex- 
pressed in relation to h/r (Table II). Ninety percent 
confidence limits were calculated using the £ statistic. 
Table III presents values of estimated left ventricular 
pressure at probability (P) values of 0.5, 0.10 and 
0.90. 


Discussion 


Echocardiographic abnormalities of the aortic 
valve: Early systolic closure or fluttering of the valve 
leaflets, or both, was noted in only half of our patients. 
Previous workers!? have described these findings as 
characteristic of subaortic obstruction, suggesting that 
the early systolic closure is secondary to alterations in 





FIGURE 3. Left ventricular angiogram in early systole (left lateral view) 
in a patient with discrete subaortic stenosis. Arrows (S) indicate the 
level cf discrete stenosis and the region of maximal narrowing below 
the aortic valve. Note the anterior displacement of the mitral valve (dots) 
resulting in systolic narrowing of the left ventricular outflow tract (LVOT) 
dimension in relation to the aortic root dimension (AO). LV = left ven- 
tricle. 
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Values at Various h/r Values 


E LVP (mm Hg) 

h/r P= 0.10 P = 0.50 P= 0.90 
0.30 83 94.0 105 
0.35 97 109.6 122 
0.40 111 125.3 140 
0.45 124 141.0 157 
0.50 138 156.6 175 
0.55 152 172.3 192 
0.60 166 187.9 210 
0.65 180 203.6 227 
0.70 194 219.3 245 





h/r = ratio of mean of posterior and septal wall thicknesses to minor 
semiaxis of left ventricle; LVP — peak systolic left ventricular pressure. 


transvalve flow. Our observations suggest that, although 
these findings are frequently present, their absence in 
no way precludes the presence of significant subaortic 
obstruction. In Patient 11 with a measured peak left 
ventricular pressure of 175 mm Hz and a left ventricular 
outflow tract pressure gradient of 85 mm Hg there was 
neither early systolic closure nor flutter. Furthermore, 
it was not possible to correlate the occurrence of flutter 
or early systolic closure with any specific type or severity 
of subaortic stenosis. 

Quantitation of the left ventricular outflow tract: 
Although previous workers!?-!? have recognized echo- 
cardiographic narrowing of the left ventricular outflow 
tract in subaortic stenosis, no quantitation has been 
reported. Our data suggest that the left ventricular 
outflow tract is narrowed in these children. They further 
indicate that the normalized value of left ventricular 
outflow tract (LVOT), if expressed as the LVOT/aortic 
root (Ao) dimension ratio, is a useful index that not 
only identifies patients with subaortic narrowing, but 
provides some estimate of its severity. Angiographically, 
the point of maximal narrowing is at the level of the 
obstructing membrane or fibromuscular ridge (Fig. 3). 
However, our observations on cross-sectional scanning 
illustrate that the pliable mitral valve is pulled toward 
the septum and produces narrowing of the outflow tract 
along a segment of its length. Echocardiographic mea- 
surements at this level permit quantitation of the left 
ventricular outflow tract using single crystal echocar- 
diography. Although we have not been able to define 
reliably a discrete obstruction in the outflow tract with 
the M mode technique, we have consistently noted a 
significant reduction in the LVOT/Ao ratio. Further- 
more, although we were unable to establish a linear 
relation between this ratio and the left ventricle-aorta 
pressure difference, we were able to define two groups 
of patients using this criterion. We suggest that the left 
ventricular outflow tract measurement in conjunction 
with the echocardiographically estimated peak left 
ventricular pressure may be of help in determining the 
timing and selection of patients for cardiac catheter- * 
ization. 

Estimation of peak left ventricular pressure: In 
our patients the hemodynamic effect of left ventricular 


outflow tract obstruction was shown by an increase in *, 





the end-diastolic h/r ratio, that is, a disproportionate 
increase in the left ventricular posterior wall and septal 
thickness related to intracavitary dimensions. When 
_ children with congestive heart failure, asymmetric 
__ septal hypertrophy and other forms of cardiomyopathy 
. are excluded, the end-diastolic h/r ratio is a useful 
-. predictor of peak left ventricular pressure. However, in 
- the practical application of this relation, critical factors 
-. to be considered include the techniques of echocardio- 
-graphic recording and measurement, and variability in 
the hemodynamic data obtained at cardiac catheter- 
ization. 

Left ventricular dimensions as assessed echocardi- 
ographically vary with the site within the left ventricle 
at which measurements are made, with phases of the 
respiratory cycle, and from observer to observer. In our 
< laboratory repeat echocardiographic measurements 
. made by the same observer vary by less than 5 percent. 
_ We attempted to minimize variation by making all 

. measurements at the tip of the mitral valve and by av- 
eraging the values obtained over five successive beats. 
In addition, we were especially careful to define clearly 

-. the limits of the posterior wall (as distinct from strong 
echoes from the chordae tendineae) and the margins of 
the interventricular septum. 

From the standpoint of cardiac catheterization there 
are additional variables to be considered. Left ventric- 
ular pressures recorded at catheterization vary with 
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phases of the respiratory cycle and with the level of 
sedation and do not necessarily represent the day to day 
averaged peak left ventricular pressure. Nevertheless, 
any study attempting to correlate noninvasive with 
invasive data faces such inherent variability to some 
extent. In view of the inherent variabilities in mea- 
surement techniques and the nonequivalency of the 
invasive versus noninvasive state, we suggest that con- 
fidence limits from P = 0.10 to P = 0.90 are appropriate 
for the clinical application of the regression equation 


we 


derived. for estimation of peak left ventricular 


pressure. Because this method concerns only the esti- 
mation of left ventricular pressure, we have deliberately 
avoided estimating the left ventricular outflow tract- 
pressure gradient by combining cuff measurements of | 


blood pressure with the echocardiographically esti —. 


mated left ventricular pressure. 

In conclusion, our study demonstrates that. in chil- 
dren with subaortic stenosis, the left ventricular outflow 
tract/aortic root dimension (LVOT/Ao) ratio is signif- 
icantly reduced relative to that of control subjects, that 
the end-diastolic h/r ratio (ratio of mean left ventricular 
septal and posterior wall thickness to one-half minor left. 
ventricular cavity dimensions) is a useful predictor of 
peak left ventricular pressure, and that, while frequently 
present, previously described echocardiographic ab- 
normalities of the aortic valve are not indicative of the 
severity of the subaortic lesion. 
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A unique case of pulmonary vascular anomalies causing persistent 
pulmonary hypertension in a newborn is described. The child died 3 days 
after birth. Necropsy revealed marked hypoplasia of the right and left 
pulmonary arteries with a normal main pulmonary artery, patent ductus 
arteriosus, bilateral systemic arteries to the lungs from the abdominal 
aorta, and partial anomalous pulmonary venous connection. Quantitative 
morphometric techniques demonstrated slight abnormalities of alveolar 
development and severe arterial medial hypertrophy with abnormal ex- 
tension of muscle into small peripheral arteries. Bronchopulmonary de- 
velopment appeared relatively normal in spite of the vascular abnor- 
malities. 


Pulmonary edd. of the newborn or persistent. fetal circulation! ~ 
isa syndrome that may result from abnormal pulmonary vasoconstric- 
tion? or pulmonary arterial medial hypertrophy,? but primary lung 
disease and cyanotic congenital heart disease must always be excluded. 
We recently encountered an infant who appeared clinically to have 
persistence of the fetal circulation but instead had a unique configuration - 
of congenital pulmonary vascular anomalies and severe secondary 
changes of pulmonary arterial hypertension that led to her early death. 
No intracardiac malformations were present. 

In spite of the vascular abnormalities, bronchopulmonary develop- 
ment as assessed with quantitative morphometric techniques was.rela- 
tively normal. This case is instructive in two respects. First, it shows that 
bronchopulmonary development may be relatively normal in spite of 
an aberrant pulmonary vascular supply, and second, the unusual arterial 
anomalies illustrate an aberration in the normal embryologic sequence 
of pulmonary arterial development. 


Case Report 
Clinical History 


A 3.52 kg female baby was delivered by elective repeat Caesarian section at 
39 weeks’ gestation to a 36 year old, gravida 1; para 1 mother. Slight meconium 
staining of the amniotic fluid was noted at delivery, and the infant’s Apgar scores 
were 6 and 7 at 1 and 5 minutes, respectively. Respiratory difficulty was noted 
in the delivery room, and oxygen was administered: The first chest radiograph 
revealed partial collapse of both lungs with mediastinal displacement to the left. 
Respiratory distress continued, and the child was transferred to Children’s 
Hospital Medical Center at about 36 hours of age. 

On physical examination the infant appeared to be of 38 to 40 weeks’ gesta- 
tion. The expiretory phase of respiration was prolonged with audible grunting. 
Auscultation revealed symmetrical expansion of both lungs with fine diffuse 
rales. The cardiac apical impulse was shifted slightly to the left of the mid cla- ° 
vicular line. The heart sounds were normal, but a grade 3/6 harsh systolic ejection 
murmur was heard at the left upper sternal border. The liver was palpable 3. cm 
below the right costal margin. The chest radiograph revealed increased vascular 
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markings in both lung fields with an opacity in the region of 
the left upper pulmonary lobe. The mediastinum was dis- 
placed toward the left. The electrocardiogram revealed normal 
sinus rhythm at a rate of 155/min, an axis of +150° and right 
ventricular preponderance, as would be expected at this 
age. 

Cardiac catheterization showed an interrupted inferior 
vena cava with the azygos vein continuing to the superior vena 
cava. There was right to left shunting through the foramen 
ovale and ductus arteriosus (Table I). Partial constriction of 
the ductus was suggested by a 30 mm gradient between the 
right ventricle and descending aorta. A right ventricular an- 
giogram (Fig. 1,A and B) revealed a morphologically normal 
right ventricle that contracted well. The pulmonary outflow 
tract, pulmonary valve and main pulmonary artery were 
normal. The right and left pulmonary arteries were severely 
hypoplastic, long, narrow and tortüous coursing over the su- 
perior aspect of the lungs. An aortogram showed bilateral 
infradiaphragmatic systemic arteries that supplied the lungs 
from below. The pathways of pulmonary venous return could 
not be clearly identified, but on levophase the left atrium and 
left ventricle appeared normal. The impression at that time 
was that there was persistent fetal circulation with su- 
prasystemic right ventricular pressure as a result of marked 
hypoplasia of the right and left pulmonary arteries. The in- 
fant’s condition worsened and she died at age 3 days. 


Postmortem Methods 


The main pulmonary artery was cannulated through the 
right ventricular outflow tract, and postmortem arteriography 
was performed by methods previously described.* The aorta 
and systemic vessels to the lungs were also filled by this route 
through the patent ductus arteriosus. Inflation fixation was 
performed by previously reported techniques.* Lung volumes 
were determined before and after fixation by water dis- 
placement. Proximal bronchial generations were counted 
under a dissecting microscope and then the peripheral 
branches of the pathway were reconstructed using step mi- 
croscopic sections at 300 u intervals. For microscopic evalu- 
ation, three 1 cm? sections were taken from both the upper and 
lower lobes of each lung, and stained with hematoxylin-eosin, 
elastic Van Gieson and Gomori's trichrome. 

Alveolar development: Alveolar development was as- 
sessed in three ways: The number of alveoli per cm? was cal- 
culated,‘ the total alveolar number of each lung was estimated 
from the formula of Weibel and Gomez^$ and radial alveolar 
counts were performed according to the method of Emery and 
Mithal.? 
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TABLE ! 
Cardiac Catheterization Data 
Oxygen 
Saturation* Pressures 
Site (96) (mm Hg) 
Umbilical artery 67-81 63/48-79/57 (63); 
71/54 (60)* 
Superior vena cava 62 ad 
Inferior vena cava 67 sss 
Right ventricle 72 107/12; 
104/ 13! 
Right atrium A= 11; 
V =8(11)t 


* Obtained in 100 percent oxygen. 
T Post-angiography. 
Numbers in parentheses are mean values. 


Arteries: In each section, all the arteries were counted and 
their external diameter and the thickness of the medial 
muscular coat measured with a calibrated eyepiece microm- 
eter. Each artery was also landmarked by its accompanying 
airway. Muscularity was assessed qualitatively by observing 
whether an artery was completely or partially muscular or 
nonmuscular and assessed quantitatively by determining 
percent thickness of the medial muscular coat? Arterial 
number was expressed as the ratio of alveoli to arteries.® 

Veins: Since the veins had not been injected, morphometric 
data were not available, but muscularity was assessed quali- 
tatively. 


Necropsy Findings 


The inferior vena cava was interrupted above the level of 
the renal veins; a large azygos vein extended to a right superior 
vena cava. 'The visceroatrial situs was normal. There was a 
normal D-bulboventricular loop, and the pulmonary and 
aortic roots were normally related. The right ventricular free 
wall measured 5 to 6 mm and the left ventricular free wall 5 
to 5.5 mm. (The upper limit of normal is 4 mm for both ven- 
tricles [Table II].) The foramen ovale was probe patent and 
the ductus arteriosus had a 2 mm luminal diameter. 

Pulmonary arteries: The main pulmonary artery was of 
normal caliber (1.8 cm in circumference) but gave rise to hy- 
poplastic right and left pulmonary arterial branches (each 0.6 
cm in circumference). The branches arose posteriorly with the 
main pulmonary artery continuing as the ductus arteriosus. 
The right and left pulmonary arteries followed a tortuous, 





FIGURE 1. A, Right ventricular angiogram in lateral projection showing normal right ventricle and outflow tract, normal main pulmonary artery but 
hypoplastic right and left pulmonary arteries. B, right ventricular angiogram in anterior projection showing poor visualization of left pulmonary artery. 
C, postmortem pulmonary arteriogram after injection of barium-gelatin into the main pulmonary artery (see text). BA — bronchial arteries; LPA 
= left pulmonary artery; MPA = main pulmonary artery; RPA = right pulmonary artery; RV = right ventricle; SA = systemic arteries. 
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TABLE Il 
Organ Measurements and Morphometric Results 


Sn c cL PLI ee 
A. The Heart 

COGO S RECUERDE IE omo sh Lt 5 [RR DOR OR ONE RIGEN a ERR 

a VAL IR ovt pu s ctu rd; EPI 


Present Case Normal* 


Right ventricle (mm) 
Inflow tract 
Apex 
Outflow tract 
Left ventricle (mm) 
Inflow tract 
Apex 
Outflow tract 
Pulmonary arterial 
circumference (cm) 
Main 1 
Left 0. 


Right 0. ‘4-15. 
a rr irri eL e roles MS c7 
B. The Lung 
Vu Up oL Bee Lolli osi MENTESS- o I IT po ve RATER 
por E Ml rrr oT 


coo ooo 


a 


Right Lung Left Lung Normal * 
Lung volume (ml) 52 36 32 (1 day);64 (3 days) 
Lung weight (g) 35 24 sare 
Bronchial generations (post-basal segment) (no.) p 24 24-26 
Alveoli/cm? (no.) 10,742 12,992 8,277 
Alveolar no. 14.4 X 105 7.7 X 10€ 17.2 X 108 (both lungs) 
Radial alveolar counts 5.5 5.5 5.5 
Alveolar/artery ratio 22:1 29:1 25:1 
Size of arteries (u) accompanying: 
Terminal bronchioli 98.2 + 12.3 139 + 18 118 (87-175) 
Respiratory bronchioli 46.4 +3 55.6 + 3.4 92.7 (45-145) 
Alveolar ducts 38 + 2.8 39.24 2.3 65 (60-70) 
Alveolar walls 32:1425 36.1 +4 32 (25-40) 


* Normal values of gross measurements were obtained from hearts of infants of similar weights and gestational age who died of causes unrelated 
to the cardiovascular and respiratory systems. Normal values of lung volumes and microscopic measurements have been taken from References 
4 and 27 to 30 and have been confirmed in our own small series. 


FIGURE 2. A, the left lung and heart 
have been retracted to the left. The hypo- 
plastic right pulmonary artery is seen as 
well as the solitary right pulmonary vein, which 
enters the left atrium (not seen). B, view of the 
hypoplastic left pulmonary artery with the heart 
retracted to the right. C, the cardiac apex has 
been reflected upward to show the left pul- 
monary vein draining to a hepatic vein. The 
systemic arteries to the right lower pulmonary 
lobe are also seen. D, organ block viewed 
posteriorly with the aorta reflected cephalad 
anc lungs rotated anteriorly to demonstrate 
entrance of bilateral systemic arteries on the 
diaphragmatic surface of the lungs. Ao = 
aorta; AZY = azygos; CEL = celiac artery; 
HepV = hepatic vein; IVC = inferior vena 
cava; LPA = left pulmonary artery; LPV = left 
pulmonary vein; LV = left ventricle; RA = right 
atrium; RPA = right pulmonary artery; RPV = 
right pulmonary vein; RV = right ventricle; SA 
= systemic artery; SVC = superior vena 
cava. 
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FIGURE 3. A, reproduced from Congdon?? with permission of the Carnegie Institution. Early embryologic development shows normal disparity between 
large main pulmonary artery and narrow right and left branch pulmonary arteries resembling the configuration in this case. B, reproduced from 
Maugars?. Only the arterial system is shown. The bilateral systemic arteries arising from a single trunk supply the lower pulmonary lobes. Our patient 
had separate aortic origins of the systemic arteries. C, diagram illustrating present case. LA — left atrium; LPV = left pulmonary vein; RA = right 
atrium; RPA = right pulmonary artery; RPV = right pulmonary vein; SA — systemic arteries. 


serpentine course and entered their respective lung at an ex- 
cessively apical level (Fig. 2, A and B, and 3C). Postmortem 
pulmonary arteriography demonstrated that the distribution 
of the pulmonary arteries was limited to the upper lung fields 
(Fig. 1C). Microscopically, the branches of these arteries were 
identified coursing normally with the airways. 

Systemic arteriesto the lungs: Two large systemic arter- 
ies arose from the aorta anteriorly in the region of the celiac 
axis, penetrated the diaphragm and entered the diaphrag- 
matic surface of both lungs (Fig. 2C and 3C). Normal bron- 
chial and intercostal arteries were identified arising from the 
thoracic aorta. The postmortem arteriogram demonstrates 
the distribution of both the aberrant and normal systemic 
vessels to the lungs (Fig. 1C). Microscopically, the large sys- 
temic arteries to the lungs were seen in connective tissue septa 
in the lower lung fields. Their branches passed to assume a 


position adjacent to terminal bronchioli whence they were 
distributed to the pulmonary acini (Fig. 4). In the basal por- 
tions of the lungs preacinar airways were identified unac- 
companied by pulmonary arteries. Both the aberrant arteries 
and the hypoplastic pulmonary arteries were elastic in 
structure. 

Pulmonary veins: A solitary right pulmonary vein drained 
from the right hilum to the left atrium (Fig. 2A and 3C). A 
solitary left pulmonary vein arose from the inferior medial 
aspect of the left lung, coursed through the diaphragm and 
drained into a branch of the hepatic vein near the superior 
surface of the liver, and thence to the right atrium (Fig. 2D and 
3C). The left pulmonary vein lumen was very narrow at its 
junction with the hepatic vein, and a functional obstruction 
may have been present. Smaller venous channels were present 
posteriorly draining into intercostal veins that joined the large 


move. jJ 


cas A 
23: ‘he vi i 
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FIGURE 4. Microscopic sections of right lower pulmonary lobe, periphery (elastic van Gieson stain). A, elastic systemic arteries are seen in the 
connective tissue septa (arrows). Note the airways without accompanying arteries. (Magnification X25.) B, systemic artery branching to assume 
position adjacent to terminal bronchiole (arrow). Preacinar airways are observed without accompanying arteries. (Magnification X 100.) C, alveolar 
wall artery. Observe abnormal position of muscle in a peripheral artery (arrow). (Magnification X250.) 
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azygos vein. Microscopically, the intrapulmonary veins ap- 
peared normal in number with a slight increase in muscularity. 
Contrast medium was not present in any venous channels, 
“indicating that no precapillary arteriovenous shunts ex- 


= isted. 


Lungs: The lungs were misshapen, but had normal fissures. 
The right lung was squat, almost globoid in shape. It weighed 
35.2 g and had a volume of 52 ml. The left lung had a promi- 
-nent lingula. It weighed 24 g and had a volume of 36 ml. The 
main bronchus to each lung entered the lung in an abnormally 
> apical position. Both lungs could be inflated fully. Neither 
lung had any gross or microscopic evidence of consolidation, 
.-Scarring or cystic degeneration. 


Morphometric Results (Table Il, Fig. 5) 


Airways and alveoli: Twenty-four bronchial generations 
were found along the left posterior basal bronchial pathway 
(normal 24 to 26). Although the total number of alveoli could 
... be accepted as normal, the right lung had twice the number 

- of alveoli of the left, reflecting the smaller volume of the left 
. Jung. The disparity between the two lungs indicates at least 
;arelative hypoplasia of the left lung. 
<- Arteries: Arterial concentration was normal, as indicated 
_ by normal density of the background haze in the postmortem 
-arteriogram and confirmed by a normal alveolar/arterial ratio 
for age. The intraacinar arteries, at least at the respiratory 
 brenchiclus and alveolar duct levels, were small. There was 
abnormal extension of muscle into smaller and more periph- 
eral arteries than normal with complete muscularization as 
_ far out as the alveolar wall arteries (Fig. 4), There was a four- 
to fivefoid increase iri the thickness of the medial muscular 
-coat in vessels at all levels (Fig. 5). The findings were similar 
-in both lungs whether the arterial supply was by an aberrant 
; systemic or a pulmonary artery. 
: Discussion 

. This infant had three major and unique vascular 

abnormalities: (1) a striking disparity between the 


Percent Wall Thickness — 


Artery Diarneter 
pm 





normal main pulmonary artery and the hypoplastic 
right and left pulmonary arteries, (2) bilateral infradi- 
aphragmatic systemie arteries to the lungs, and (3) ab- 
normal venous connections. 

Anomalous systemic arteries to the lung: These 
may be an isolated finding?-!? or may be associated with 
a large variety of pulmonary, diaphragmatic and gas- 
trointestinal abnormalities.!4-?9 To our knowledge, the 
case described in 1802 by Maugars;? a French medical 
student, is the only reported instance of a malformation 
resembling the present case (Fig. 3B). 

The lung buds receive an initial systemic blood supply 
from branches of the aortic sac and dorsal aortas that 
subsequently regress.?!?? The definitive branch pul- 
monary arteries arise directly from the aortic sac, often 
before the sixth aortie arches are completely formed.23 
These connections are established by the end of the 5th 
week of gestation. The bronchial arteries arise de novo 
from the descending aorta between the 9th and 12th 
weeks of gestation.?*75 An aberrant systemic artery to 
the lung may be either a persistent primitive systemic 
artery or an abnormal bronchial artery. In the former, 
the origin of the aberrant artery maintains its initial 
relation to the aorta. With subsequent elongation of the 
aorta, this artery will arise from the lower thoracic or 
upper abdominal aorta and course cephalad to enter the © 
lung.?5 This type of aberrant systemic artery is elastic 
in structure like the normal pulmonary artery and aorta 
and unlike the bronchial arteries, which are muscular.26 
This histologic resemblance to the normal pulmonary - 
artery may result from similar growth rates because 
both arteries arise early in embryogenesis and are most — 
likely subjected to similar blood pressures and flow.25 
Both the anatomic and histologic appearance of the 


Left iung 


Norrnal 
newborn 


FIGURE 5. Graph showing percent wall thickness 
as it reiates to arterial diameter. Wall thickness in 
the arteries of both lungs is much greater than 
normat in arteries of all diameters. 
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anomalous arteries in this case favor their origin from 
persistent primitive systemic arteries. 
Normal pulmonary artery and hypoplastic 
<: branch pulmonary arteries: The main pulmonary 
artery and the branch pulmonary arteries in our patient 
- strikingly resemble the normal embryonic configuration 
- (Fig. 3A). This primitive appearance may have resulted 
.. from failure of the branch pulmonary arteries to grow 
. because a substantial portion of the pulmonary blood 
flow was carried by the aberrant systemic vessels which 
had failed to involute. This case strongly supports the 
theory of segmental derivation of the pulmonary arter- 
ies. The main pulmonary artery which, according to 
this theory, arises from the truncus arteriosus, was of 
normal caliber and configuration. The abnormalities 
were confined to the branch pulmonary arteries, which 
arise initially from the aortic sac and are subsequently 
incorporated as branches of the sixth aortic arches.?? 
Pulmonary hypertension: Aberrant systemic pul- 
monary vessels have been implicated as a cause of pul- 
- monary hypertension.!? Abnormal extension of muscle 
into smaller and more peripheral arteries with increased 
thickness of the medial muscular coat has been de- 
scribed in a study of postmortem lungs in infants with 
persistent, pulmonary hypertension of the newborn? 
These changes have also been seen in patients with 
pulmonary hypertension due to intracardiac defects,” 
total anomalous pulmonary venous connection?’ and 
prolonged hypoxia.?? The morphometric arterial studies 
in this case suggest antenatal changes of pulmonary 
hypertension. In the lower lung fields, this was probably 
the result of the systemic arterial supply. In the upper 
lung fields where blood flow through the pulmonary 
arteries was probably reduced as a result of their narrow 
caliber, one might have expected relative hypoplasia of 
the arterial musculature as seen in pulmonary atresia.?? 
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However, arterial musculature was diffusely increased 
throughout both lungs. 

Abnormal venous connections: One could postulate 
that connections existed between.the systemic arteries 
and the upper lung fields resulting in increased blood 
flow and pressure in all regions. Alternatively, the 
presence of solitary pulmonary veins may have caused 
relatively equal pulmonary venous obstruction to both 
lungs in spite of the different drainage pathways, and 
thus it may have been responsible for equal contribu- 
tions to the arterial muscular abnormality. The anom- 
alous venous connection of the left lung probably did 
not contribute significantly to the muscular changes in 
the arteries because the abnormalities were similar in 
both lungs. 

Lung development and growth: In spite of the se- - 


vere vascular abnormalities and the grossly abnormal E 


appearance of the lungs, there was relatively normal 
pulmonary development as defined by lung volumes, 
number of bronchial generations and alveolar devel- 
opment. However, the left lung was hypoplastic in . 
comparison with the right. Because the number of 
bronchial generations in the posterior basal axial 
pathway of the left lung was normal, alveolar growth 
appears to have been impeded. The bronchial tree de- 
velops its full complement of branches by the 16th week 
of gestation‘; therefore, the hypoplasia of the left lung 


appears to have resulted from an insult occurring after. — 


that time. Because the infant died when she was only 
3 days old, reduced postnatal alveolar growth could not 
account for the smaller size of the left lung. If normal 
pulmonary vascular development is essential to bron- 
chopulmonary development, one would have expected 
more severe lung abnormalities reflecting interference 
with lung growth at a point earlier in gestation than was 
present in this case. 
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Peak Left Ventricular Systolic Pressure/End-Systolic Volume Ratio: 
A Sensitive Detector of Left Ventricular Disease 


The purpose of this study was to evaluate peak pressure/systolic volume E 


ratio as a detector of cardiac disease. To validate that tracings obtained 


through fluid-filled catheters were accurate for this purpose, in 35 patients 


left ventricular pressure-volume loops were constructed from tracings a 
recorded with a micromanometer-tipped angiographic catheter. Com- 


parisons were made between the peak ratio of left ventricular pressure — 


to volume (Emax) using the micromanometer-tipped angiographic catheter — 
and the ratio between peak left ventricular pressure before angiography — 


and end-systolic volume during angiography (peak pressure/systolic - 


volume ratio) using the fluid-filled lumen of the same catheter. The rela- : 
tions of Emax and that of peak pressure/systolic volume ratio to ejection — 


fraction were similar and curvilinear. Peak pressure/systolic volume ratio 
was approximately 10 percent higher than Emas with a correlation 
coefficient between 0.99 of the two ratios. Therefore, peak pressure/ 
systolic volume ratio, which is easily obtained in clinical practice, can 
be used instead of Emax 

Retrospective analysis of the peak pressure/systolic volume ratio and 


ejection fraction was made from routine diagnostic catheterization data: 
obtained using fluid-filled catheters in 115 subjects, of whom 17 were 


normal, 60 had coronary artery disease without asynergy, 23 had aortic 
valve disease and 15 had mitral valve disease. In subjects with a normal 
ejection fraction (more than 60 percent) the peak pressure/systolic 
volume ratio separated those groups with a diseased heart from those 
with a normal heart. Those with a diseased heart had a greater end-sys- 
tolic volume than normal subjects. Thus, the peak pressure/systolic. - 
volume ratio is more sensitive than ejection fraction in detecting subtle 
changes in myocardial function in human beings. 


Studies of isolated heart muscle reveal that during isotonic contraction : 
the peak force generated for any given preload approximates the force ` 
generated by an isometric contraction at the same length. The relation . 
of force to initial length appears nearly linear in the physiologic range.! ? - 


In the isolated, supported, isovolumically contracting canine left vern- 


tricle, pressures generated from different initial volumes also fall along 
a straight line. Furthermore, in ejecting hearts, the ventricular pressure 
at end-systole falls along the same isovolumic pressure line. The peak 
ratio of ventricular pressure to volume ( Emax), which occurs near the 


end of systole in isolated dog hearts, appears to be independent of af- 
terload and affected minimally by preload® and thus can be used asan 
index of contractility. Published studies? have suggested the usefulness 
of this measurement in human beings. The ejection fraction, which is 
the ratio of stroke volume to end-diastolic volume, has been useful for 


sequentially following up ventricular pump function as well as for pre 
dicting the outcome of cardiac surgery.’ However, diseased hearts can __ 
have an ejection fraction within the normal range. It is possible that Emax —— 
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or an end-systolic pressure/volume ratio might prove 
to be more sensitive than ejection fraction for detecting 
abnormalities in those hearts. The peak systolic pres- 
sure/end-systolic volume ratio should be similar to Emax 
because peak systolic pressure and the ventricular 
pressure when ejection ceases are virtually identical.8 
The purpose of this investigation was to study the 
sensitivity of the end-systolic ventricular pressure/ 
volume relation to determine whether this ratio could 
separate diseased from normal hearts more clearly than 
— the ejection fraction. To simplify the measurement, we 
validated that the maximal value for the ratio of left 
ventricular pressure and volume (Emax) during systole, 
which was determined using intracardiac pressure 
measurements during ventriculography, was similar to 
the ratio between peak left ventricular pressure mea- 
sured just before angiography and end-systolic volume 
measured during angiography (peak pressure/systolic 
. volume ratio). It was then demonstrated that peak 
pressure/systolie volume ratio was more effective than 
ejection fraction in separating groups of patients with 
heart disease from normal subjects. In this study Emax 
was not corrected for zero pressure.* 


Methods 


Procedure: After giving fully informed consent, 35 patients 
underwent left heart catheterization by way of a femoral ar- 
terial puncture using a no. 7F PC 471 Millar micromanome- 
ter-tipped angiographic catheter (Mikro-Tip Transducer, 
"Millar Instruments, Ine., Houston, Texas). The transducer, 
which was first submerged in a lukewarm heparinized 5 per- 
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FIGURE 1. The left ventricular pressure/volume relation in one patient 
with three different loading conditions—the control state and after 
administration of methoxamine (METHOX) and nitroglycerin (NTG). E 
F = ejection fraction; E. MAX = peak ratio of ventricular pressure to 
volume. 


cent glucose solution for balancing and calibration, was con- 
nected to a Millar model TC 160 transducer control unit and 
an Electronics for Medicine pressure amplifier, model V2203. 
The fluid-filled lumen of the PC 471 catheter was connected 
with a Statham P23db transducer and an Electronics for 
Medicine pressure amplifier, model V2203. The Mikro- Tip 
and P23db transducers were calibrated, using a mercury 
manometer, to have the same sensitivity. Using a Phillips 
cesium iodide 9 inch image (23 em) intensifier, cineventricu- 
lography at 50 frames/sec was performed in the 30? right an- 
terior oblique view using Renografin-7® dve (40 to 45 ml) in- 
jected at 36.3 kg/cm? at 12 to 15 ml/sec. In some patients a 
second angiogram was performed after sublingual nitroglyc- 
erin. During cineventriculography, left ventricular pressure 
and each cine frame number were recorded on photographic 
paper at 100 mm/sec using 0.02 second time lines (Electronics 
for Medicine VR 12 multichannel recorder). The pressure 
tracing and each cine frame number were also recorded on the 
cine film (Electronics for Medicine model V4290) for each 
angiographic frame. In these 35 patients peak systolic pressure 
was recorded through the fluid-filled lumen of the Millar PC 
471 catheter immediately before angiography, and it averaged 
0.7 percent higher than the peak ventricular pressure recorded 
during angiography using the Mikro-Tip transducer. This 
measured difference was not statistically significant. The 
pressure values before angiography were 125 + 42 mm Hg 
(mean + standard deviation) and 126 + 40 for peak pressure 
during angiography. 

Measurements: Frame by frame ventricular volumes were 
determined by the area-length method with the aid of a 
light-pen tracer (Conrac) and an Electronics for Medicine 
computer system, model CLC-1, VVC mode.? After identi- 
fying the cine frame number from the pressure recording, the 
ventricular pressure corresponding to the particular cine 
frame volume was measured and the ventricular pressure- 
volume loop constructed. In these hearts we calculated the 
ratio of peak left ventricular pressure before ventriculography 
to end-systolic volume (peak pressure/systolic volume ratio), 
the highest value for the ratio of ventricular pressure to sys- 
tolic volume (Emax) during ventriculography and the ejection 
fraction. 

Retrospective analyses: An additional retrospective 
analysis of peak pressure/systolic volume ratio and ejection 
fraction was carried out in three groups of patients from our 
catheterization laboratory. T'he ventricular pressures were 
Getermined from the fluid-filled catheters. The groups con- 
sisted of 60 patients with coronary artery disease, 23 patients 
with aortic regurgitation or aortic stenosis plus regurgitation 
and 15 patients with mitral valve disease. The control subjects 
consisted of 17 patients who had a normal electrocardiogram, 
normal left ventricular end-diastolic pressure, normal coro- 
nary arteriogram and normal ejection fraction. Patients who 
had ventricular dyskinesia or severe hypokinesia were ex- 
ciuded from all analyses. Comparisons between individual 
groups were made using a Student's ¢ test. 


Results 


Figure 1 shows representative pressure-volume loops 
from one normal subject. Three ventriculograms were 
obtained at different levels of preload and afterload. 
Methoxamine was used to increase and nitroglycerin to 
decrease preload and afterload. In this patient the peak 
left ventricular systolic pressures during the control 
state and after nitroglycerin were slightly higher than 
the end-systolic ventricular pressure. After methoxa- 
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mine, peak and end-systolic pressures were the same. 
This figure demonstrates that the peak ratios of ven- 
- tricular pressure to volume (Emax) were relatively stable 
under the three different loads. 
_ Peak pressure/systolic volume ratio versus Emax: 
ystolic pressure with the fluid-filled catheter just 
‘ore angiography averaged 111 + 4 mm Hg and the 
-systolic pressure during angiography was 103 + 4 
^ (mean + standard error) (P >0.05; no. = 50). This 
finding suggests that the peak pressure/systolic volume 
< ratio should be close to Emax Figure 2 shows the values 
- for the peak pressure/systolic volume ratio compared 
with Emax in 50 examinations. The relation is positive 
and linear, with a correlation coefficient. of 0.99. 'The 
. value of peak pressure/systolic volume ratio is ap- 
“proximately 10 percent higher than Emax. 
. Figure 3 shows both Emax and the peak pressure/ 
- systolic volume ratio plotted against ejection fraction. 
_ The two curves are similar. When ejection fraction is 
_ within the normal range of greater than 60 percent, Emax 
- and peak pressure/systolic volume ratio vary widely. 
.. Therefore, similar information can be derived from the 
. peak pressure/systolic volume ratio and Emax- To obtain 
(Esas in human hearts a high fidelity catheter-tipped 
micromanometer angiographic catheter or two catheters 
are necessary as well as construction of the pressure- 
volume loop. Therefore, peak pressure/systolic volume 
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FIGURE 2. Relation of peak left ventricular systolic 

pressure/end-systolic volume (PLVSP/ESV) ratio 0 
/ 10 Emax in à group of 50 patients. N = number of 

patients; r = correlation coefficient. 
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ratio may be more practical for use in clinical prac- — 
tice. : 

Peak pressure/systolic volume ratio versus 
ejection fraction: Figure 4 shows the plot of peak. 
pressure/systolic volume ratio versus ejection fraction 


in the patients subjected to retrospective analysis. Ás- 


predicted, the relation was curvilinear. When ejection 
fraction was less than 40 percent, the value for peak 
pressure/systolic volume ratio was less than 1. In pa~- 
tients with an ejection fraction greater than 60 percent, 


peak pressure/systolic volume ratio ranged between 1 : 
and 5. Normal hearts tended to have higher values for 


peak pressure/systolic volume ratio. This basic relation 
was not altered when end-systolic volumes were nor- 
malized for body surface area. "EE 
To test the sensitivity of peak pressure/systolic vol- . . 
ume ratio in detecting disease, hearts with ejection 


fractions over 60 percent in each disease category were 5 : 
analyzed and compared with findings in the normal __ 


group. This sub group consisted of 17 normal subjects, _ : 


30 patients with coronary artery disease, 5 with mitral - 1 
valve disease and 10 with aortic stenosis and aortic 


regurgitation, 5 of whom had predominant aortic ste- 
nosis and 5 who had predominant aortic regurgitation. _ 
In patients with aortic stenosis the mean gradient across. 


the aortic valve was 38 + 20 mm Hg (standard devias __ 


tion). 
* 
* 
* 
* 
* ^ 
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Figure 5 shows the similarity of the ejection fraction 
in each patient category. Peak pressure/systolic volume 
ratio was significantly higher in the normal subjects 
_ than in those with a diseased heart (P «0.001). Figure 
6 shows that the higher peak pressure/systolic volume 
. ratio in the normal hearts was primarily due to a smaller 
end-systolic volume. Both end-systolic volume and peak 
. left ventricular pressure were higher in the presence of 
aortic valve disease thar in the normal heart. The in- 
creased peak left ventricular systolic pressure is prob- 
ably not due to increased contractility; it is more likely 
-that it reflects hypertrophy and hyperfunction on the 
"basis of chronic pressure overload. On the other hand, 
< the larger end-systolic volume in aortic valve disease 
might represent a decreased inotropic state. 
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FIGURE 3. Relation of ejection fraction (E F} to Emax and PLVSP/ESV. 


Discussion 


The value of any new test in clinical medicine de- 
pends on the simplicity of its measurement and on its 
sensitivity compared with other established tests. The 
ejection fraction is widely accepted as a useful measure 
of ventricular performance; Our study demonstrates 
that a simple measure, peak pressure/systolic volume. 
ratio, can detect abnormal ventricular function in pa- — 
tients with cardiac disease while they still maintain a 
normal ejection fraction. Thus, this ratio appears to be 
more sensitive than the ejection fraction. 

Peak pressure/systolic volume ratio as an index 
of contractility: The logic for using the value peak 
pressure/systolic volume ratio stems from the evidence 
that it reflects the peak ratio of ventricular pressure to 
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FIGURE 4. Relation of ejection 
fraction (E F) and peak left ventric- 
ular systolic pressure/end-systolic 


volume (PLVSP/ESV) ratio din pas + 


tients with a normal heart, coronary 
artery disease (CAD), aortic valve 
disease (AVD) and mitral valve 
disease (MVD). 
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c FIGURE 5. Ejection fraction (E F) and peak left ventricular systolic 
e pressure/end-systolic volume (PLVSP/ESV) ratio in patients with a 





^ normal heart (NL), coronary artery disease (CAD), aortic valve disease 


e (AVD) and mitral valvular disease (MVD). Results are mean + SE. 
Numbers in the bars denote number of patients. 


volume (Emax), which is thought to be an index of con- 
tractility.* 99 Our study shows that the peak systolic 
pressure just before angiography is not significantly 
different from the peak systolic pressure during angi- 
ography and is similar to the pressure at the time ejec- 
tion of bloed ceases, that is, when the systolic volume 
is minimal. This finding is similar to those of Rushmer 
and West in dogs.? Also Emax and the peak pressure/ 
systolic volume ratio correlate very closely, the latter 
being 10 percent higher then Emax Therefore, data from 
aroutine catheterization can be used for this measure- 
ment. 

The assumption that Emax can be used as an index of 
contractility is based on the work of Suga and Sagawa 
and their co-workers*^!? demonstrating that this index 
is relatively independent of preload and afterload in the 
isolated dog heart, yet is sensitive to change in the 
contractile state. Grossman et al. recently reported that 
the end-systolic pressure/volume relation is sensitive 
to inotropic interventions in human hearts. Our findings 
suggest that it is insensitive to preload and afterload in 
human subjects. However, further validation of these 
findings need to be carried out. 

One potential drawback of both the peak pressure/ 
systolic volume ratio and the Emax measurement in 
human hearts is that the accuracy of measuring end- 
systolic volume is uncertain. At this phase of the cardiac 
cycle, the ventricular geometry deviates most from the 
ellipsoidal assumption, and the contrast at the blood- 
wall interface may not be sharp. Nevertheless, this same 
error is present in other angiographic evaluations of 
ventricular function such as ejection fraction and 
analysis of segmental shortening. 

Our finding that the relation of Emax to ejection 
fraction in human beings is curvilinear agrees with the 
theoretical model proposed by Sagawa et al.!° in which 
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FIGURE 6. Peak left ventricular systolic pressure (PLVSP) and end- : 


systolic volume (ESV) in normal subjects and patients with coronary v : 
artery disease (CAD), aortic valve disease (AVD) and mitral valve dis- — 


ease (MVD). 


ejection fraction is a complex function of Emax end- 
systolic pressure and end-diastolic volume. Ejection 
fraction is preload- and afterload-dependent.!?.!! Thus, 
it is predictable that ejection fraction would not detect... 
subtle changes in myocardial contractile state and that- 
there might be a high degree of overlap between values 
in diseased and normal hearts. Because Emas and peak 
pressure/systolic volume ratio are relatively indepen- 


dent of load, they might logically be more sensitive to : 


such subtle changes in contractility. 

Clinical implications: The depressed peak pres- 
sure/systolic volume ratio in diseased hearts with a 
normal ejection fraction was found to be largely due to 
increased end-systolic volume. Grossman et al.® also 
noted that diseased hearts tended to have a larger 
end-systolic volume. Patients with pure aortic stenosis 
also might have higher values for peak pressure/systolic 
volume ratio than normal subjects, but we did not ` 
evaluate that condition in our study. Because patients 
with coronary disease and abnormal wall motion (asy- 
nergy or dyskinesia) were excluded from our study, the 


application of the peak pressure/systolic volume ratio 


to this group of patients remains to be investigated. 
Our study demonstrates increased sensitivity for the 
peak pressure/systolic volume ratio in detecting heart 
disease in patients other than those with pure aortic 
stenosis. The significance of this abnormality relative 


to the prognostic power of ejection fraction is not - : 


known. Also, whether sequential changes in peak 


pressure/systolic volume ratio will be useful in moni .. 


toring the course of patients with heart disease remains | 
to be evaluated. z 
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Exercise With a Nonimaging Nuclear Detector 


A portable nonimaging device, the nuclear stethoscope, for measuring _ 
beat to beat ventricular time-activity curves in normal people and patients 
with heart disease, both at rest and during exercise, is being developed __ 
and evaluated. The latest device has several operating modes that fa- - 


cilitate left ventricular and background localization, measurement of - T 


transit times and automatic calculation and display of left ventricular. D 


ejection fraction. The correlation coefficient of left ventricular ejection — : 


fraction obtained with the device and with a camera-computer system — » 
was 0.92 in 35 subjects. During bicycle exercise the ejection fraction in — 


15 normal persons increased from 44 to 64 percent (P <0.001), whereas - . 


among 12 patients with heart disease it was unchanged in 5 and de- 
creased in 7. 


In 1948 Prinzmetal et al.! monitored the passage of an intravenous bolus 
injection of sodium-24 by means of a Geiger-Muller tube positioned over 
the heart. Peaks corresponding to right and left ventricular transit were 
observed. In 1962 Folse and Braunwald? conceived of using the elec- 
trocardiogram to evaluate end-systolic ventricular volumes and intro- 
duced the concept of ejection fraction. Within 6 years, Mullins et al? had 
developed a device for relating scintillation camera images to the pa- 
tient’s cardiac cycle as measured with the electrocardiogram. Such 
studies are now widely performed. Typically, the tracer dose of tech- 
netium-99m-labeled albumin or red blood cells is allowed to equilibrate 
in the vascular compartment and the scintillation camera is activated 
during sequential 10 to 50 msec periods throughout the cardiac cycle. 


In addition to visualization of the movement of the ventricular walls, 


a left ventricular time-activity curve is produced. A number of indicators 
of ventricular performance are derived—ejection fraction, systolic and 
diastolic time intervals, ejection and filling velocities and ventricular 
volumes. 


Two general types of radiation detectors have been used to produce — 


the left ventricular time-activity curve: imaging devices, such as Anger 
scintillation cameras, and small “probe” devices that develop the ven- 
tricular time-activity curve without visualizing the cardiac structures — 
themselves. In 1976 we^ described a prototype device of the latter type, 
which we called a “nuclear stethoscope™)” By positioning the detector 
properly a left ventricular time-activity curve can be generated and beat 


to beat activity monitored, or multiple beats can be examined to generate 


a representative ventricular time-activity curve. The device (nuclear 
stethoscope cardiac probe*) consists of a 2 inch (5.08 cm) thallium- 
activated sodium iodide crystal with an integrated microcomputer that 
automatically measures, calculates and displays ejection fraction and __ 
several other time and activity measurements during the cardiac cycle — 


on a beat to beat or integrated basis. A high temporal resolution (10... 


msec) image of the left ventricular time-activity curve is displayed from. S 


* Obtained from Bilos, 503 Grasslands Road, Valhalla, New York 10595. 
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which the operator may select, through the use of cur- 
sors, the time and volume positions used in the micro- 
computer calculation of all left ventricular function 
indexes. 

To allow optimal location of the probe for left ven- 
tricular and background counting, the nuclear stetho- 
scope utilizes a unique position/monitoring mode in 
which changes in beat to beat heart activity can be 
monitored after equilibration of the tracer. Beat to beat 
heart activity changes are displayed together with a real 
time, microcomputer-calculated left ventricular back- 
ground. This mode is also used in the determination of 
beat to beat ejection fraction and for intervention 
studies. The present repert describes our results to date 
with ati improved version of the device. 


Methods 
Operational Design of the Nuclear Stethoscope 


Position/monitor mode (“search” mode): This mode is 
used to locate the optimal probe position for the reproducible 
measurement of left ventricular and background counts, and 
for the continuous measurement, calculation and display of 
beat to beat ejection fraction. The microcomputer calculates 
and displays the changes in count rate at 50 msec intervals 
over the heart or the periventricular background region of 
- interest (Fig. 1). These displays facilitate reproducible and 
optimal localization of the heart and background counting 
position. After the proper background position has been lo- 
cated and background counts have been stored, the individual 
heartbeat ejection fraction is calculated by the microcomputer 
and displayed. The average ejection fraction can also be de- 
termined by manually adjusting a cursor to average the peaks 
and nadirs of the displayed beats. This is done after the 

cathode ray tube sweep is halted. 

Ventricular function mode: After background activity 
counts have been stored, the probe is repositioned over the 
heart using the "search" mode and the system is operated in 
the ventricular function mode. The device automatically ac- 
quires scintillation probe counts, gated by the electrocardio- 
graphic signal, and organizes the data into a composite left 
ventricular time-activity curve for two sequential heartbeats 
(Fig. 2). The internal microeomputer calculates and displays 
several ventricular function variables according to the position 
of three operator-adjusted time cursors: T1, T2 and T3. In 
addition to ejection fraction it is possible to obtain the rate 

of count change during left ventricular emptying and filling, 
total count change (a stroke volume), average heart rate during 





FIGURE 1. The beat to beat time-activity curve during the positioning 
or monitoring mode. The horizontal line is the average background 
activity. EF — ejection fraction. 


A counting interval, and systolic and diastolic time inter- 
vals. 

First transit mode: In this mode the activity of the right 
and left ventricles is displayed for a 25 second period during 
the first transit equilibration of a bolus injection of a radio- 
pharmaceutical agent (Fig. 3). From the stored display of this 
activity, the operator may select for calculation and display 
time intervals between any events of interest, such as pul- 
monary transit time. Also, in this mode, the microcomputer 
automatically calculates and displays the "cardiac output 
ratio" C (equil)/C ‘t)dt. where C (equil) = counts at equilib- 
rium and C (t)dt = integral of counts over time during first 
transit of the tracer. This ratio when multiplied by patient 
plasma volume, gives cardiac output. The reliability of these 
measurements is currently under study. They are based on 
the use of the Stewart-Hamilton principle. 


Clinical Studies 


Patients: Using an initial model of the nuclear stethoscope, 
48 measurements were made in 30 patients (25 men and 5 
women with a mean age [+ standard deviation] 46 + 20 years). 
Seventy percent had coronary artery disease and 30 percent 
had other heart diseases. Six normal volunteers were also 
studied. Interobserver variability in the calculation of left 
ventricular ejection fraction and background activity was 
measured by three physician observers. In a subsequent study 
with the current medel of the nuclear stethoscope, 35 patients 
(24 men and 11 women with a mean age of 54 + 13 years) were 
studied at rest by one observer. The effect of exercise was 
examined in 12 patients (mean age 25 + 6 years) and in 15 
additional normal volunteers. 

Procedure: All patients were studied supine after an in- 
travenous injection of 25 mCi of technetium-99m human al- 
bumin. The probe of the nuclear stethoscope was first posi- 
tioned over the left ventricular area, with a 20? to 40° left 
anterior oblique and a 10° to 20° caudad angulation. The 
probe was set first in the "search" mode. The position giving 
the best combination of end-diastolic count rate and the 
greatest stroke volume was taken as the correct left ventricular 
position, After this position was determined the orientation 
of the probe was fixed. To determine the background area, the 
detector was moved laterally in the same plane parallel to the 
patient's bed until a point of 0 ejection fraction was first 
reached. Back and forth movement assured that the back- 
ground taken was the point of nonperiodicity closest to the 
left ventricle. A reading of background activity was taken over 
the left ventricle and a time-activity curve was recorded for 
50 seconds. 

Camera studies were performed with an Ohio Nuclear 
Model 100 scintillation camera interfaced with an Informatek 
Simis IT computer. Àn electrocardiographic gate was used to 
monitor the R waves of each patient's electrocardiogram. 
Camera images synchronized with the electrocardiogram were 
obtained for 64 intervals during a cardiac cycle, with the pa- 
tient lying in a 40° te 50° left anterior oblique position. Eight 
million counts were obtained in approximately 15 minutes. 
The left ventricular area of interest was manually selected 
from a eolor-coded image in which systole was shown in green 
and diastole in red.* Care was taken to avoid the right ven- 
tricle, left atrium and pulmonary vasculature. To obtain the 
background (extraventricular) activity an area of interest was 
selected immediately lateral to the left ventricle, but not 
cverlapping the pulmonary artery or the left ventricle, and the 
background area was generated by computer. The average 
background was subtracted from the left ventricular curve. 

The ejection fraction was then calculated as a ratio of 
(end-diastolic counts — end-systolic counts)/end-diastolic 
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FIGURE 2. Two composite cardiac cycles before, during and after exercise. The disappearance of the diastolic plateau (diastasis) during exercise oe 
and its early reappearance after exercise can be seen, as well as the increase in ejection rate and ejection fraction (E.F.). 


counts after appropriate background subtraction. Because the 
- nuclear stethoscope has a fixed field of view, we used an 
. end-diastolic region to determine end-diastolic and end-sys- 
^ tolic counts on the camera computer system. This gives ejec- 
^c tion fractions that are 15 to 20 percent lower than those ob- 
. tained with contrast angiography. 

(c Exercise studies were carried out on a specially constructed 
table using a supine bicycle attached to a Warren Collins pedal 
ergometer. For the nuclear stethoscope studies, the probe was 
first positioned over the precordium at rest, then background 
and left ventricular time-activity cürves were obtained and 

‘left ventricular ejection fraction was calculated. After an initial 
warm-up. period (1 minute at 25 watts), the work load was 
increased to 50 to 75 watts until the heart rate was stabilized 
(a further 1 to 2 minutes). The position of the probe was 
checked by observation of the beat to beat mode and altered 
if necessary to maximize the difference between end-diastolic 
and end-systolic counts: A volume-time curve was then re- 
corded in the ventricular function mode and the left ventric- 

“ular ejection fraction was calculated using the preexercise 

—background. To quantitate the effect of exercise on back- 
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+ FIGURE 3. The first transit of a bolus injection of technetium-99m 
human serum albumin through the heart as monitored with the nuclear 
stethoscope. The initial peak of activity in the right ventricle is followed 
by the feft ventricular peak. The beat to beat changes in activity can 
be seen. T1, T2, T3 — operator-adjusted time cursors. 


ground activity, a new background measurement was made | 


in nine subjects during or after the stress. 
Results 


Interobserver variability with the nuclear 
stethoscope: Interobserver variability was studied in 
paired measurements of ejection fraction (EF) in 20. 
patients. For each pair the departure of each individual 
measurement from the mean of both measurements was 


expressed as a percent of the mean. The mean AEF/.. 


mean EF ratio was 10.88 + 6.33 percent (1 standard © 
deviation) with a range of 0.20 to 20. Expressed in ab- 
solute terms, AEF was 4.2 units. 

This variability was analyzed in terms of the three 
components involved in the calculation of the ejection 


fraction (end-diastolic volume, stroke volume and ` : 


background). The mean percent difference in mea- 
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FIGURE 4. Left ventricular ejection fraction (E.F.) in 30 patients ua 
observations) examined with an earlier model of the nuclear stetho- 
scope and witha camera-computer system. n = number of observa- 
tions. 
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FIGURE 5. A more recent comparison of measurement of left ven- 
tricular ejection fraction (E.F.) with the nuclear stethoscope compared 
with the values obtained with a camera-computer system in 35 patients. 
ri number of patients. 


"surement of background was 6.28 + 4.78 percent (range 

0.86 to 21.34). The mean percent difference in mea- 
- “surement of end-diastolic volume was 5.88 + 13.33 
percent (range 0.00 to 44.92). 

Comparison of left ventricular ejection fraction 
by the nuclear stethoscope and camera computer 
- system: Forty-eight observations of left ventricular 
ejection fraction were made in 30 patients using an early 
model of the nuclear stethoscope and compared with 
ejection fraction calculated independently with the 
camera computer system. The overall correlation was 
r = 0.81, P «0.01 (Fig. 4». With a later model, 35 mea- 
surements of left ventricular ejection fraction were 
made in 35 other patients. The correlation coefficient 
in these patients was 0.92 (P <0.001) (Fig. 5). 

Exercise testing: Figure 6 compares the change in 
left ventricular ejection fraction with exercise in 15 
normal subjects and in 12 patients with heart disease. 
There was a significant increase in mean ejection frac- 
tion from 44 to 64 percent in the 15 normal subjects (P 
<0.001), whereas in the 12 patients it did not increase 
(5 patients) or it decreased (7 patients). The mean peak 
exercise heart rates in the two groups were not signifi- 
cantly different. In six normal subjects who had both 
nuclear stethoscope and camera-computer studies the 
ejection fraction showed similar increases during ex- 
ercise. In four patients with heart disease, both the 
^ ¢amera-computer system and nuclear stethoscope 
showed that ejection fraction was unchanged or de- 
creased during exercise. 

Changes in background activity associated with 
-.exercise were studied with the nuclear stethoscope, and 
background values were compared for nine rest/stress 
pairs, eight stress/post-stress pairs and eight rest/ 
post-stress pairs. The paired ¢ test values were 1.35, 
0.458 and —0.7, respectively (P >0.05). Thus, in this 
Series background activity did not change significantly 
with exercise. 


Discussion 


The importance of left ventricular ejection fraction 
in assessing the extent of functional impairment and the 
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FIGURE 6. During exercise the left ventricular ejection fraction (L.V.EF.) 
increased from 44 + 9 percent to 64 + 11 percent in 15 normal 
subjects. in 12 patients with heart disease the ejection fraction de- 
creased or remained the same after exercise. n = number of pa- 
tierts. 


prognosis of patients with coronary artery disease is well 
established.9-? Its measurement by means of the scin- 
tillation camera and computer is becoming widespread. 
Our approach is based on the assumption that the use- 
fulness of the camera-computer systems may be ex- 
tended by a simple portable device that generates the 
ventricular function curve on a beat to beat or inte- 
grated multibeat basis. Such a device may be particu- 
lariy useful for monitoring changes in global left ven- 
tricular function during exercise or other interventions 
such as drug therapy. With such a device it may be 
possible to monitor left ventricular function for periods 
of several hours or longer at the patient's bedside by 
using technetium-99m-labeled red blood cells. 
Current improvements in the nuclear stetho- 
scope: The improved performance of the current device 
compared with that of prototype models occurs largely 
because one can properly position the detector while 
viewing the beat to beat time-activity curve that mea- . 
sures and displays the activity every 50 msec. The po- 
sition best suited for isolation of the left ventricle from 
the right ventricle and left atrium is the modified 40? 
left anterior oblique (15? caudad tilt). The major criteria 
used to position the detector is to maximize stroke 
volume and end-diastolic volume as visualized in real 
time on the display screen. Our results suggest that it 
is possible to obtain reproducible cardiac localization 
without the use of radiography or echocardiography. 
Because technetium-99m-—labeled albumin is distrib- 
uted in structures surrounding the left ventricular 
chamber, such as the myocardium and lung, a back- 


ground correction is made by positioning the detector * 
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at the position nearest the ventricle where the time- 
activity curve first becomes asynchronous. 
~ Tn earlier studies we examined various collimator 
designs. Although a multihole parallel hole collimator 
_ Was best from the standpoint of ease of positioning, its 
* sensitivity was too low. The current version of the nu- 
- clear stethoscope uses a converging single hole colli- 






a e collimator face. This provides a field of view large 


r focused at a point 2 inches (5.08 cm) in front of 
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enough to include the left ventricle but with a penumbra 
small enough to decrease the activity coming from ad- 
jacent structures. The converging collimator also makes 
possible the use of a 2 inch diameter crystal rather than 
a4 inch (8.16 cm) diameter crystal that was needed with 
a parallel hole collimator. This reduces the weight of the- 
probe. The increased sensitivity of the converging col- 
limator allows beat to beat data to be collected and 
displayed immediately. 
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One hundred sixty-four permanent pacemaker implantations through the 
subclavian vein were accomplished by 17 different physicians at four 
institutions utilizing a specially constructed peel-away introducer. Fourteen 
attempts (8.3 percent) to cannulate the subclavian vein were unsuc- 
cessful. There were four cases of pneumothorax (2.4 percent) and two 
cases of hematoma formation (1:2 percent). The procedure has the ad- 
vantage of a rapid and atraumatic insertion of a variety of transvenous 
pacemaker electrodes, and the avoidance of surgical dissection for a 
venous entrance site. 


Ninety percent of permanent pacemaker insertions are accomplished 
utilizing endocardial transvenous electrodes.! A cephalic vein is generally 
used as an electrode introduction site, but frequently the vessel is small 
and difficult to find. This in turn can lead to extensive dissection and 
occasionally necessitates exposing the internal jugular or subclavian 
vein. 

An introducer sheath has been used for permanent transvenous 
electrode implantation in the past. Two methods have been described: 
Batson? and Jahuck et al.? used à disposable catheter introducer when 
inserting electrode wires that had no hub or connector, thus allowing the 
introduction sheath to be removed from the distal end of the electrode. 
Other groups*-? used the no. 9 Desilets-Hoffman sheath minus its metal 
hub, which was used as an introducer for a small unipolar electrode. The 
sheath was then removed from the electrode by cutting it away long- 
itudinally with a pointed scalpel. 

In this report we describe the utilization of a specially constructed 
*presplit," semirigid radiopaque polyethylene sheath that can be used 
to introduce a wide variety of transvenous electrodes through the sub- 
clavian vein. 


Method 


Device: The device consists of four essential parts (Fig. 1F): (1) a 9 cm, 18 
gauge thin wall needle; (2) a 50 cm, 0.036 spring guide wire with “J” tip; (3) a 23 
cm, no. 8F Teflon? vessel dilator; and (4) a 16 cm, tapered radiopaque, semirigid 
polyethylene sheath that tapers from 13F to 11F with an 8F terminal narrowing, 
the sheath being longitudinally split to within 2 mm of its terminus (a larger 
sheath is required for bipolar electrodes).* 

Procedures: The upper chest is surgically prepared. After infiltration of a 
local anesthetic agent into the proximal intraclavicular area, the no. 18 gauge. : 
thin wall needle is inserted just medial to the junction of the middle and inner 
thirds of the clavicle, aiming the needle slightly above and behind the supra- 
sternal notch (Fig. 1A). If difficulty is encountered in puncturing the subclavian 
vein, the patient's legs are raised or the table is put in Trendelenburg’s position 
to increase the venous pressure and to distend the vein. When the vein has been 
punctured, a 50 cm spring guide wire with a “J” tip is inserted into the subclavian 
vein through the needle and then into the superior vena cava under fluoroscopic E 


* The device is available in multiple sizes (unipolar, ‘bipolar and atrial-J) from Cordis 
Corporation, Miami, Florida and the Daig Corporation, Minnetonka, Minnesota). 


- 
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-FIGURE 1. A, insertion of subclavian vein needle. B, in- 
sertion of the “J” wire. C, insertion of the sheath and 
vessel dilator into the subclavian vein; D, insertion of the 
electrode into the sheath; E, peeling off of the sheath from 























the electrode; F, components of the introducer kit. 


control, leaving 15 to 20 cm of the wire exposed (Fig. 1B). At 
that time, the incision is extended to 7 to 8 cm laterally from 
» the puncture site, and a subcutaneous pocket is made for the 
pulse generator. While the pocket is allowed to “dry,” the 
vessel dilator and tapered split sheath are inserted over the 
< wire as one unit (Fig. 1C) and with moderate force pushed 
through the subclavian fascia into the subclavian vein leaving 
3-to 4 cm of the sheath and vessel dilator exposed. (One of us 
. (V.P.) prefers to make the incisions and prepare the pocket 
first, then inserting the needle through the opened wound.) 
The wire and vessel dilator are then removed, leaving the 
_ split sheath as a conduit into the subclavian vein and superior 
"veria cava. À unipolar electrode, which has been prelubricated 
with a light coat of sterile lubricant is inserted into the supe- 
rior vena cava through the sheath (Fig. 1D) and into the sub- 
clavian vein and superior vena cava. (Originally we used sterile 
mineral oil as a lubricant, but it is probably preferable to use 
hypertonic glucose, Renografin 769 or sterile water-soluble 
surgical jelly.) With the electrode in the right atrium, the 
sheath is then pulled back and peeled off from the electrode 
. by separating it along the longitudinal split (Fig. 1E), care 
- being taken not to pull out the electrode while the peeling 
: operation is taking place. 
'The electrode is then manipulated in the usual manner, and 
© when a satisfactory position in the heart has been obtained 
. the lead is fixed to the underlying fascia, putting the ligatures 
i. or Silastic clamp as close as possible to the entrance site of the 
“-gubclavian fascia. We used permanent unipolar electrodes of 
various types (Arco, Biotroniks, Cordis, Coratomic, CPI, 
Edwards, Intermedics, Medtronics, Teletronics, Vitatron). 
| "The pulse generator is then connected to the wire and inserted 
inthe subeutaneous pocket. À chest X-ray film is taken within 
1 hour of the procedure to exclude the presence of pneumo- 
“thorax. 








Results 


Between November 1, 1977 and August 30, 1978, a 
total of 164 electrodes were implanted by 17 physicians 
at four institutions: Florida Hospital, Orlando, Florida; 
Miami Heart Institute, Miami, Florida; Newark Beth 
Israel Medical Center, Newark, New Jersey; and St. 
Thomas Hospital, Nashville, Tennessee. In 14 cases (8.5 
percent) this method was unsuccessful; the electrode 
was then inserted in the usual manner through the ce- 
phalic vein. 

The patients were carefully observed in the postop- 
erative period for pneumothorax, hematoma formation, 
mediastinal widening, wound infection, general patient 
discomfort and lead displacement. (We do not believe 
lead stability is related to the method of lead insertion. 
There were three instances of lead displacement in 150 - 


patients, a lesser incidence than is generally seen in most = 


patient groups with a pacemaker.!) There were four 
cases of pneumothorax, two requiring insertion of chest 
tubes. The patients recovered uneventfully. All four 
cases occurred in the first half of the series. Two wound 
hematomas occurred. Both patients were receiving 
anticoagulant agents. One patient complained of pain 


in the arm at the time of insertion and in the immediate = 


postoperative period, presumably because of a brachial 
plexus trauma. These symptoms disappeared within 1 
week. Rn 


time of 4 minutes. 
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The time elapsed from the initial needle puncture to a 
the time of electrode insertion into the right atrium — — 
ranged from 90 seconds to 15 minutes, with a median ©. 
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Discussion 


Advantages of technique: Several features of the 
"device should be noted. The no. 18 gauge thin wall 
needle has a far smaller cross-sectional area than the 
traditionally used no. 14 gauge needle, thus lessening 
the danger of a repeated arterial, venous or pleural 
puncture. The tapered, semirigid sheath with its ter- 
‘minal narrowing allows easy penetration of the sub- 
clavian fascia without the "accordian effect" seen with 
many catheter introducer sheaths, and without tearing 
of the venous wall. The split in the sheath, which is es- 
sential for its removal from the catheter, allows the 
sheath to expand to accommodate a variety of catheter 
types and sizes (phlanged, small tines, corkscrew, and 
80 forth). 

The principal advantages of the technique are the 
rapidity with which a catheter can be introduced into 
the right atrium and the limited dissection required to 
accomplish the implantation. This leads to an atrau- 
matic procedure with less risk of wound infection and 
less patient discomfort. An added advantage is the ease 
with which the catheter can be manipulated through the 
fascial and venous puncture. An important potential 

. advantage is the future use of multiple electrode sys- 
tems such as the atrioventricular sequential pace- 
makers. ; 

Complications: The ease and rapidity of the proce- 
dure tend to be directly proportional to the physician's 
familiarity with subclavian puncture. Most of the 
aforementioned complications occurred during the 
implanting physician's initial use of the technique. Our 
greatest concern was the possibility of pneumothorax. 
This turned out to be an infrequent problem (total of 
four cases [2.4 percent]). Although two patients required 
chest tubes, there were no permanent sequelae. All 4 
cases occurred in the first 76 cases of the series. 

Leakage around the venous puncture site with he- 
matoma formation was our second concern. This did not 
materialize. The two patients who had hematomas were 
already receiving anticoagulant agents preoperatively. 
There was no evidence of perielectrode venous leakage, 
and its lack probably relates to the snug fit of the venous 
adventitia around the eleetrode catheter. 

Accidental subclavian arterial punctures by the 
needle were observed in six cases, but no evidence of 
bleeding, subclavian hematoma or mediastinal widening 








was noted (this is probably related to the small caliber 
of the puncturing needle). The one patient presumed 
to have brachial plexus trauma had no sequelae. No 
cases of hemothorax, air embolism, wound or guide wire 
infection were noted. 

In 14 patients the technique was abandoned because 
of inability of the physician to cannulate the subclavian 
vein. Eight of 14 failures were reported by 2 of the 17 
physicians. 

Recommended guidelines for avoiding compli- 
cations and failures: Obviously, the technique used 
by the physician in the subclavian venous needle 
puncture is the key to a simple and complication-free. 
procedure. It helps to observe the following guide- 
lines: 

1. When there is no concern about congestive heart 
failure, it would be advisable to keep the patient rela- 
tively well hydrated before the procedure to avoid a low 
central venous pressure and a “flat” subclavian vein. 

2. Trendelenburg’s position is a great aid in dis- 
tending the subclavian vein. If this is not possible, use 
of a large foam wedge for elevation of the legs is 
helpful. — 

3. It is wise to approach the subclavian vein as 
medially as possible, still allowing enough room for easy. 
passage of the device between the clavicle and first rib, 
thus minimizing the possibility of pleural puncture. 

4. It is well to avoid excessive repeated needle 
punctures. 

5. If "air is struck," the patient should be carefully 
observed and, if his condition is stable, the standard 
cephalie vein technique should be used or the opposite 
side approached. (Pneumothorax can sometimes be 
detected fluoroscopically.) 

Implications: T'his method of inserting a permanent 
pacing electrode is rapid and atraumatic and useful for 
the introduction of a wide variety of permanent 
transvenous pacemaker electrodes. If the approach to 
the subclavian puncture is undertaken carefully, the 
procedure has minimal risk. Because of the ease of its 

use and the reduction of the occasionally tedious dis- 
section of difficult veins, it has been enthusiastically 
received by both the implanting physicians and oper- 
ating room personnel. It has the potential for facilitating 
multiple electrode insertions such as those being used 
with the new double electrode, double chamber sys- 
tems. — 
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What does this 
long distance runner 
have in common 





iy with this 
immobile 
geriatric? 


Potassium 
depletion. 


Not only can prolonged, exhaustive physical training, 
especially in hot weather, lead to progressive hypo- 
kalemia,!4 but high-protein diets — popular among 
athletes — add to renal excretion of potassium.? 

The immobilized geriatric patient may often live on 
an inadequate diet, be taking corticosteroids, and 
may abuse cathartics...too little potassium is ingested 
and too much is lost.*^ 


Effective potassium 
supplementation is required. 


The athlete and the immobile geriatric each have a 
need for potassium, vet safe and effective potassium 
supplementation must be tailored to their 
individual life-styles. 

Patient compliance to potassium therapy can help 
assure a high rate of efficacy, and compliance is 
enhanced by dosage simplicity, convenience, 
and taste. 

The long distance runner can appreciate the con- 
venience of once-a-day dosage for his potassium 
needs. The geriatric needs an easy-to-take, good- 
tasting dosage form which provides GI safety. 











No potassium supplements meet 
varied patient needs better than... 


K-LYTE 


Each effervescent tablet in solution supplies 
25 mEq potassium as bicarbonate and citrate 
Orange and Lime Flavors 


The best of taste for over a decade 


K-LYTE DS 


rach effervescent tablet in solution supplies 
50 mEq potassium as bicarbonate and citrate 
Orange and Lime Flavors 


Convenient once-a-day dosage 


K-LYTE/CL 


Each effervescent tablet in solution supplies 
25 mEq potassium chloride 
Citrus and Fruit-Punch Flavors 


The easy, tasteful, effervescent way 
when the chloride ion is preferred 


The K-LYTE line...safe and 
effective potassium 
supplementation meeting 
a variety of patient needs 


* Safety of a liquid all the way through the GI tract — 
particularly important in the bedridden or immobile patient 
* Clinical evidence of efficacy — rapid absorption for prompt 
therapeutic serum levels in all patients 
* Dosage simplicity and accuracy — convenient effervescent 
tablet forms; no mixing or spillage. Easily fits into the 
A patient life-style and other medication schedules 
* Great taste and a choice of flavors —an aid to patient 
compliance along with a one- or two-tablet-a-day dosage 
regimen 
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See following page for prescribing information. 





KLYTE 


Each effervescent tablet in solution supplies 
25 mEq potassium as bicarbonate and citrate 


KiYTE DS 


Each effervescent tablet in solution supplies 
50 mEq potassium as bicarbonate and citrate 


KLYTE/GL 


Each effervescent tablet in solution supplies 
25 mEq potassium chloride 


Safe and effective 
potassium 
supplementation 
meeting a variety 
of patient needs 


1979 Mead Johnson & Company * Evansville, Indiana 47721 U.S.A. MJL 8-4392 


Prescribing Considerations 
Indications: K-LYTE DS, K-LYTE and K-LYTE/CL are oral potassium sup- 
plements for therapy or prophylaxis of potassium deficiency. They are partic: 


ularly useful when thiazide diuretics, corticosteroids, or severe vomiting 
and diarrhea cause excessive excretorv potassium losses; and when dietary 
potassium is low. Carefully monitored, K-LYTE DS, K-LYTE and 
K-LYTE/CL may also be useful for potassium replacement where digitalis 
intoxication results in cardiac arrhythmias. 

Contraindications: Impaired renal function with oliguria or azotemia; 
Addison’s disease: hyperkalemia from any cause. 

Warnings and Precautions: Since the amount of potassium deficiency may 
be difficult to determine accurately, supplements should be administered 
with caution, and dosages adjusted to the requirements of the individual 
patient. Potassium intoxication rarely occurs in patients with normal kidney 
function. Symptoms of potassium intoxication are variable. They include 
listlessness, mental confusion, and tingling of the extremities. Frequent 
checks of the clinical status of the patient, ECG, and serum potassium level 
are desirable. In established hypokalemia, attention should also be directec 
toward other potential electrofyte disturbances. Potassium supplements 
should be given cautiously to digitalized patients and such patients should 
be monitored by ECG for cardiac irregularities. To minimize the possibility 
of gastrointestinal irritation associated with the oral ingestion of concentra- 
ted potassium salt preparations, patients should be carefully directed to di 
solve each dose completely in the stated amount of water. 

Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort 
may occur with the use of potassium salts. 

Dosage and Administration: Adults: 1 K-LYTE DS tablet (50 mEq potas- 
sium) completely dissolved in 6 to 8 ounces of cold or ice water, 1 to 2 time: 
daily; 1 K-LYTE tablet (25 mEq potassium) completely dissolved in 3 to 4 
ounces of cold or ice water, 2 to 4 times daily; 1 K-LYTE/CL tablet (25 mE 
potassium chloride) completely dissolved in 3 to 4 ounces of cold or ice wa- 
ter, 2 to 4 times daily. NOTE: It is suggested that K-LYTE DS, K-LYTE ar 
K-LYTE/CL be taken with meals and sipped slowly over a 5 to 10 minute 
period. 

How Supplied: K-LYTE DS effervescent tablets (orange or lime flavors) ar 
available in cartons of 30. K-LYTE effervescent tablets (orange or lime fla- 
vors) are available in cartons of 30 and 250. K-LYTE/CL effervescent table| 
(fruit punch and citrus) are available in cartons of 30 and 250. All tablets ar 
individually foil wrapped. 























References: 1. Knochel JP. Dotin LN, Hamburger RJ: Pathophysiology of intense 
physical conditioning in a hot climate. I. Mechanisms of potassium depletion. J Clin 
st 51:242-255, 1972. 2. Knochel JP: Exertional rhabdomyolysis. N Eng J Med 

-929, 1972. 3. Rose KD: Warning for millions: intense exercise can deplete 
potassium. Phys and Sportsmed 3:67-70, 1975. 4. Westerman RL, Snively WD, Jr: 
Potassium deficit: clinical aspects. GP 33:85-93, 1966. 5. Katsikas JL, Goldsmith’ 
Disorders of potassium metabolism. Med Clin North Am 55:503-512, 1971. 
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Hellige: for innovation, not imitation 


for eve 


HELLIGE's single-channel and multi- 
channel recorders set new standards. Whether 
on a scientific expedition up the 23000-foot- 
high Aconcagua or in hard, everyday use in 
hospitals or doctors' offices. The SIMPLI- 
SCRIPTORs and MULTISCRIPTORs are extre- 

y light, sturdy, economical and technically 
complete. @ New design concept for line and 
battery operation @ Easy operation even with 
portable instruments, e.g. automatic baseline 
recovery on artifacts, automatic lead marking 
€ Accurate, non-distorted recording ~ thermal 
and carbon-transfer & Patient safety based on 
international recommendations of IEC, VDE, 
AHA @ All standard leads plus corrected ortho- 





"TEC 


Tested under extreme conditions 


day use: 


Hellige's electrocardiographs 


gonal leads according to FRANK. 

HELLIGE has been a partner to medicine 
for over 80 years. Take advantage of this wealth 
of experience. Send off for more details now. 
HELLIGE GMBH, Heinrich-von-Stephan-Str. 4 
D-7800 Freiburg im Breisgau (West Germany) 
Telephon (0761) 4011-1, Telex 7 72705 heli d 


HELLIGE[H 


PARTNERS IN MEDICINE 








USA Representatives: Litton Medical Electronics - 777 Nicholas Blvd. - Elk Grove Iii 


INTERMEDICS PULSE GENERATORS 

INDICATIONS FOR USE Implantable cardiac pulse generators 
may be indicated for long-term treatment of impulse forma- 
tion and conduction disorders resulting in symptomatic 
bradyarrhythmias, tachyarrhythmias, and heart block unre 
sponsive to drug therapy 

PRECAUTIONS Implanted pacemakers have 2 finite and rela- 
tively wide variable service life as a result of factors such as the 
initial capacity of the battery and the shelf storage time of the 


manufactured pacemaker; variations in electrode system resis 
tances, stimulation rate, and the percentage of time the im 
planted pacemaker is inhibited; and random electronic 
component failures 

Pacemaker operation can be influenced by electric, magne- 
tic, or electromagnetic energy mimicking normal cardiac ac- 
tivity. In addition, certain environmental sources can couple 
sufficient energy into a pacemaker system to damage the pulse 
generator. Specifically, diathermy should not be used on 





pacemaker patients because of possible total inhibition of the 
pulse generator; electrocautery can inhibit and/or damage the 
pacemaker as well as cause burns or possible ventricular fib 
rillation; defibrillation can damage the pacemaker, and the 





presence of the pacemaker may cause increased cardiac muscle e| 


damage from defibrillation. Certain electrical and gasoline. 
powered appliances can cause inhibition of an implanted 
cardiac pacemaker system. 

For complete precautions, see the Physician's Manual for 


> Toe 





the Intermedics cardiac pulse generator to be used. 

ONTRAINDICATIONS AND SIDE EFFECTS There are no 
own contraindications to the use of pacemakers as a 
edical method for control of heart rate. Body rejection 
phenomena, local tissue reaction or skin necrosis, muscle 
ind nerve stimulation, embolism, and cardiac tamponade 
ave been reported 

Neither of the models pictured are cardiac pacemaker 
patients. 












You want her pacemaker 


to be reliable, 


and she wants to wear her 
designer originals. 


Intermedics ThinLith.” 





A thinner, lighter pacemaker 
for your patient’s well being. 


No one has to tell you that a 
pacemaker implant raises a 
number of concerns among your 
patients. One concern many of 
your patients may share is, very 
simply, “How much will it show?” 
At Intermedics, we are cognizant of 
this concern. We've designed a 
series of pacemakers to help mini- 
mize appearance anxiety among 
your patients while giving you the 
reliability of our CMOS circuitry in 
a trimmer, more compact size. 

Yes, the ThinLiths employ the 
same dependable CMOS circuitry 
proven successful in our other 
Intermedics pulse generators. In 
addition, the lighter weight, 
reduced thickness and smoothly 
rounded corners reduce pocket 
bulge and add to the post-operative 
comfort of your patients. Also, the 


ThinLith design helps to reduce 
skin pressure necrosis and the 
chances of pacemaker migration 
within the body. 

ThinLith. The answer to your 
concerns about reliability. And 
your patients’ concerns about 
appearance. 

Examine the dimensions of our 
ThinLiths, and assure your patient 
that she can still wear those 
designer originals. Contact your 
Intermedics representative for 
more information on the ThinLith 
series. 


Typical dimensions of the ThinLiths 
Height Width Thickness Weight Volume 


(cm) (cm) (cm) (g) (cm3) 
ThinLithI* 66 46 1.1 78 30 
ThinLith II* 6.0 4.6 1.1 68 27.5 


ThinLith I 5.1 46 


The ThinLith. 


Part of a Superior Pacing 
System From Intermedics. 


1.1 55 22 


49 Intermedics Inc. 


P.O. Box 617 
Freeport, Texas 77541 


Our business is life. 
ThinLith is a trademark of Intermedics, Inc. 


© Copyright 1979, Intermedics, Inc., Freeport, Texas 


*The ThinLith I and ThinLith II models 
(225-01 and 227-01) now carry a Patient 
Lifetime Replacement Agreement. 
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With the new ii^ Holter Scennér the same technology 





that helps this pilot land safely 
helps you make more precise diagnoses. 


A pilot landing a DC-10 filled with passengers relies 
heavily on instruments which utilize modern computer 
technology. 

And remarkable advances in that field now enable 
pilots to land jets safely . . . even under the most adverse 
conditions. 

At ICR we've successfully revolutionized the field of 
Holter cardiography by employing that very same sophis- 
ticated computer technology. 

The ICR Holter Recorder is the most advanced cassette 
ambulatory monitoring unit available, offering a re- 
corded time track, a patient event marker system and up 
to 48 hours of continuous recording. Once the recording 
has been completed, the new ICR Holter 2-Channel 
Scanner takes over. 

The Scanner utilizes a micro-computer capable of as- 
sisting the technician during tape processing. It can 
guide, instruct and generate reports, while analyzing the 
operator's procedures. And this means a more accurate 
and thorough record for the treating physician. 

After you've made the effort to record a patient's ECG 
activity in his natural environment, it makes sense to get 
the best, in-depth analysis possible. 


And no other Holter system can provide so accurate an 
account of vital ECG information. 

Best of all, the new ICR Holter Scanner can be up- 
graded as new features are developed. Its unique design 
allows for constant adaptability, so you can be sure it 
won t become obsolete. 


EERE eee 
To learn more about i 
the new ICR Holter 
Cardiography Systems 
send this coupon to 


nstruments for Cardiac Research® 
5057 Corporate Drive 1 
East Syracuse, N.Y. 13057 U.S.A 





Name 





Address 





City State. Zip. 





Profession 





Phone AJC 





Depend oni... because your patients depend on you 


Call collect: 315/437-7291 for more information on the most recent innovations 
in Holter Cardiography Systems. Or TWX: 710-541-1544; Cable: CARDIACRE. 


20 days to shape his world 


In essential hypertension, the first 20 days are 
decisive. 

The sad fact is, half of America’s hyper- 
tensives drop out of treatment.’ 


You can improve those odds. Here’s how: 


1. COUNSEL: Talk to your patient about the 
disease and its consequences—about 
strokes, heart attacks, and kidney failure. Tell 
him he must take medication daily, and for the 
rest of his life. 


2. CATAPRES® (clonidine hydrochloride): 
because it works, and people stay with it.2 


Counsel...and Catapres. They can help 
change the odds against your patient's future. 


Please see brief summary of prescribing 
information on last page of this advertisement 
for warnings, precautions, and adverse 
reactions. 





wi 





If you’ve come to expect 
only this much of Catapres... 
1. smooth lowering of blood pressure 


2. effective for all degrees of hypertension (mild to 
moderate in potency) 


3. brain, heart, and kidney blood flow preserved 


Ask for more of Catapres 
1. no contraindications 
2. normal hemodynamics 


3. low incidence of depression and orthostatic 
hypotension 


4. no fatal hepatotoxicity 
5. excellent record of compliance 


Most common side effects are dry mouth, drowsi- 
ness and sedation, which generally tend to diminish 
with time. 


Please see brief summary of prescribing information on 
last page of this advertisement for warnings, precautions, 
and adverse reactions. 








Catal IFES ‘clonidine HCl) 
canhelp you 
shape his world 


Counsel...and Catapres. They can help change 
the odds against your patient's future. And to 
change them even more, ask us for these from 
your Boehringer representative: 


— A major new film "Compliance: State of the Art" 
— A compliance monograph 

— Patient Aid Booklet 

— Patient Worksheets 

— Patient Reminder Postcards 

— Other effective compliance enhancers 


References: 
1. Wilber JA, Barrow JS: Am J Med, 52:653-663, 1972. 
2. Data on file at Boehringer Ingelheim Ltd. 
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Catapres* 
(clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug, Catapres 
(clonidine hydrochloride) is mild to moderate in potency. 
It may be employed in a general treatment program 
with a diuretic and/or other antihypertensive agents 

as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
benefits outweigh the potential risk to mother and fetus. 
Usage in Children: No clinical experience is available 
with the use of Catapres (clonidine hydrochloride) in 
children. 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 

4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their physician. Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blood pres- 
sure, should it occur. can be reversed by resumption 

of clonidine hydrochloride therapy or by intrave- 

nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machinery 
or driving, should be advised of the sedative effect. 

This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency, recent myocardial infarction. 
cerebrovascular disease or chronic renal failure. 

As an integral part of their overall long-term care, 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While, 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride), in several 
studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated for 
6 months or longer. 


Adverse Reactions: The most common reactions are 
dry mouth. drowsiness and sedation. Constipation. 
dizziness. headache. and fatigue have been reported 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug. some of them rarely. (In some instances 
an exact causal relationship has not been established.) 
These include: Anorexia. malaise. nausea. vomiting, 
parotid pain, mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine hydrochloride. chlorthalidone and 
papaverine hydrochloride. Weight gain, transient eleva- 
tion of blood glucose, or serum creatine phosphokinase: 
congestive heart failure, Raynaud's phenomenon; vivid 
dreams or nightmares, insomnia, other behavioral 
changes, nervousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema, hives. 
urticaria, thinning of the hair. pruritus not associated 
with a rash. impotence. urinary retention. increased 
sensitivity to alcohol. dryness, itching or burning of the 
eyes, dryness of the nasal mucosa. pallor, gyneco- 
mastia, weakly positive Coombs’ test. asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension. weakness. somno- 
lence, diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage 


How Supplied: Catapres. brand of clonidine hydro- 
chloride, is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval. single-scored tablets in bottles of 100 
and 1000 

For complete details, please see full prescribing 
information 

Under license from Boehringer Ingelheim GmbH 


Boehringer Ingelheim Ltd. 
Ridgefield, CT 06877 
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E ects of Digoxin on Sinus Nodal Function Before and After 











Blockade in Patients With Sinus Nodal Dysfunction 


A Clue to the Mechanisms of the Action of Digitalis on the Sinus Node 


_ JAMES A. REIFFEL, MD, FACC 
__ J. THOMAS BIGGER, Jr., MD, FACC 
-. MARVIN CRAMER, MD 


... New York, New York 





| From the Departments of Medicine and Pharma- 
_-Gology, Columbia University College of Physicians 
zand Surgeons and The Presbyterian Hospital, New 
York, New York. This study was supported in part 


by U.S. Public Health Service Grants. HL 12738 


and RR 00645 from the National Institutes of 
|. Health, Bethesda, Maryland. Manuscript received 
| September 12, 1978; revised manuscript received 
December 5, 
| 1978. 


1978, accepted December 7, 


* Address for reprints: James A. Reiffel, MD, 161 


| Fort Washington Avenue, New York, New York 
| 10032. 


To increase the limited knowledge of the effects of digitalis on sinus nodal 
function in patients with sinus nodal dysfunction and to initiate an inves- 
tigation into the mechanisms underlying its effects, 34 patients with sinus 
nodal dysfunction were studied. Twenty patients underwent determination 
of sinus cycle length, estimated sinoatrial conduction time and maximal . 
corrected sinus recovery time before and after the administration of 0.75 — 
mg of intravenous digoxin. For the group, sinus cycle length did not change, 
sinoatrial conduction time increased insignificantly and maximal corrected - 
sinus recovery time shortened; however, individual variation occurred. 
The effects of acute digitalization appeared to predict the effects of chronic 
digitalis administration on sinus nodal function in the eight patients who 
subsequently continued to take digoxin. Fourteen patients received digoxin 
after vagal blockade with atropine. After vagal blockade, digoxin 
lengthened sinus cycle length, sinoatrial conduction time and maximal 
corrected sinus recovery time. The effects of digoxin administered after 
atropine could be antiadrenergic, direct, or both, and are opposite to those 
induced by atropine alone, Because these effects are similar to those of 
vagotonia yet are not apparent when the vagi are unblocked, digoxin may 
have direct excitatory, adrenergic or previously unrecognized vagolytic 
effects on sinus nodal function in man and their manifestation may be 
dependent on heart rate or autonomic tone. 





The safety of digitalis therapy in the presence of sinus nodal dysfunction 
is a common and controversial issue. Both the presence!-9 and ab- 
sence? 7-1? of exacerbated sinus bradycardia, sinoatrial arrest and si- 
noatrial exit block after digitalis have been reported. Recently, ambu- 
latory monitoring,! ^? maximal treadmill tests!! and atrial stimula- 
tion?! 1-1? have been utilized to define more clearly the effects of digitalis 
on the sinus node both in patients with normal ®t and abnormal? 1112.16 
sinus nodal function and in patients who have had cardiac transplan- 
tation!’ (Table D. Most of these studies found insignificant changes in 
resting and exercise sinus rates, slight prolongation of sinoatrial con- 
duction time and shortening of postoverdrive sinoatrial recovery time 
by digoxin or ouabain. However, the results of these studies are not 
completely uniform, the total number of patients studied is still small 
and none of these studies attempted to evaluate the mechanism by which . 

digoxin affects sinus nodal function in man. Accordingly, our study was 
undertaken (1) to add to the number of patients with sinus nodal dys- 
function in whom the effects of digitalis on sinus nodal function hav 
been evaluated, and (2) to initiate investigation into the pathways b 
which digoxin's actions on sinus nodal function are mediated. 
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DIGOXIN AND SINUS NODAL FUNCTION—REIFFEL ET AL. 


TABLE 1 





Previously Reported Effects on Sinus Nodal Function in Man 








Drug 





Subjects 

Authors no. Type 
Enget and Schaal’ 14 SND 
Bond et al. 4 5 “Normals” 
Dhingra et al. '? 16 “Normals” 
Cummings et al. 1? 14 SND 
Vera et al, !! 9 SND 
Goodman et al. 7 5 “Normals” 
Goodman et al,” 6 Cardiac transplant 


Quabain, 0.01 mg/kg 
Ouabain, 0.01 mg/kg 
Ouabain 0.01 mg/kg 
Ouabain 0.015 mg/kg 
Digoxin, 0.04 mg/kg 
Digoxin, 1.25 mg 
Digoxin, 1.25 mg 

















Maximal 
SCL CSRT SACT 

.... msec) (msec) (msec) 

C Dig C Dic C Dig 
1035 1053 1113 693" -n 

"Je EN E us X X + 27" 

887 905 226 103* 90 110* 
1091 1017 514 244* m 
1053 984 714 565 des das 

788 828 129 172 107 119 

561 561 225 245 73  104'! 





* P« 0.05, 


t Sinoatrial Wenckebach block developed in one patient and 2:1 sincatrial exit block in another. 

C = contro: CSRT = corrected sinus recovery time; Dig = digitalis: “normais” = patients undergoing cardiac catheterization for evaluation 
of symptoms or heart disease without precatheterization evidence of sinus nodal dysfunction; SACT = estimated sinoatrial conduction time; SCL 
= sinus cycle length; SND = sinus nodal dysfunction; X = control (value not given by authors‘). 


Method 
Patients 


A total of 34 patients were studied. All had undergone 12 or 
24 hours of continuous electrocardiographic recording before 
enrolling in the study. Eleven had sick sinus syndrome as 
defined by sinoatrial arrest, sinoatrial exit block, the brady- 
cardia-tachycardia syndrome or marked sinus bradycardia 
with periods of sinus rates of less than 40 beats/min while 
the patient was awake.!? Twenty-three patients had lesser 
degrees of persistent or intermittent sinus bradycardia as 
defined by sinus rates of less than 60 beats/min in the awake 
state. All patients underwent right heart catheterization in 
the resting, nonsedated postabsorptive staté after written, 
informed consent was obtained. None had received car- 
dioactive medications in the 5 days preceding the study. 


Atrial Stimulation Studies 


In a manner previously described,!? two recording-stimu- 
lating catheters were positioned in the right atrium, atrial 


premature stimulation was performed, the peristimulation 
cycles were analyzed and an estimated mean sinoatrial con- 
duction time was determined. Additionally, atrial overdrive 
pacing for 30 seconds was performed at cycle lengths of 400, 
500, 600, 700, 800, 900, and 1,000 msec and longer if the 
spontaneous sinus rate permitted. Pacing was begun at the 
longest cycle length that allowed complete capture of the 
atrium, and the cycle length was progressively shortened to 
400 msec. Thirty seconds of recovery separated the pacing 
runs. This sequence was repeated four times. 

When atrial pacing was performed, the following intervals 
were measured: (1) the interval from the last driven atrial 
depolarization to the next.spontaneous depolarization of any 
type, and (2) the interval from the last driven atrial depolar- 
ization to the. next spontaneous P wave if this was different 
from the first interval. The sinus recovery time was defined 
as the interval from the last driven atrial depolarization during 
atrial pacing to the next spontaneous P wave if it was of sinus -: 
origin. 'The corrected sinus recovery time was defined as the 
sinus recovery time minus the mean sinus cycle length, !5?9 














TABLE ll 
Clinical Findings in 20 Patients Given Intravenous Digoxin Without Prior Vagal Blockade 
Age (yr) 
Case no. & Sex LVF HD HS SSS 
1 £5M u N wem 
2 77M CSD N * 
3 81M. N N e 
4 78 M t ASCVD i + 
5 61F gas N N d 
5 23F gad RHD N == 
7 87 F Bes HCVD i ex 
8 BIF id HCVD i aa 
9 T7F ee HCVD and Al N = 
10 76F + HGVD i = 
1 62M ake HCVD N + 
12 75F * ASCVD ! m 
13 69F n HCVD N i 
14 FOF + ASCVD i = 
15 66M + HCVD | + 
16 74M el ASCVD N "ex 
17 85M cat AS l + 
18 65M + C i = 
19 56F v N N -— 
20 61F ASCVD N + 








DIES: ———— 


Al = aortic insufficiency; AS = aortic stenosis; ASCVD = arteriosclerotic cardiovascular disease: C = cardiomyopathy; CSD = primary conduction 
system disease; HCVD = hypertensive cardiovascular disease; HD = heart disease; HS = heart size; | = increased; LVF = left ventricular failure; 
N= prea RHD = rheumatic heart disease; SSS = sick sinus syndrome? (see Methods): U = heart disease of unknown etiology; +. = present; 
— = absent. 
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and the maximal corrected sinus recovery time was defined 
:as the longest of all the observed corrected sinus recovery 
_ times. 


Twenty patients were given 0.75 mg of digoxin intrave- 


* nously over a period of 10 to 15 minutes immediately after 
_ their control studies. Forty-five minutes later atrial stimula- 
ton was repeated. Clinical findings in these 20 patients are 
: presented i in Table II. 


` Fourteen additional patients were given atropine intra- 


: venously after their control studies (see later). In these 14 
“patients the atrial stimulation procedures were repeated 5 


* 


minutes after the administration of atropine. Digoxin was then 
given as described, and 45 minutes later the atrial stimulation 
studies were repeated. 
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Results 

The results are presented in Table III. 

Sinus cycle length: In patients receiving digoxin 
without prior vagal blockade, sinus cycle length in- 
creased in 10, decreased in 8 and was unchanged in 2... 
after digoxin. The group's mean sinus cycle length did . - 
not change significantly, being 1,003 msec before and > 
1,051 msec after digoxin. Only three patients had a 
change in sinus rate greater than 5 beats/min and only | 
one had a change in sinus rate greater than 10 beats/min - 
(62 to 48 beats/min). None of the clinical findings 
(Table II) were associated with a particular directional 
change in sinus cycle length after digoxin. 

































































TABLE lii 
Effects of Digitalis on Sinus Nodal Function in 20 Patients With and Without Vagal Blockade 
Case Before Digoxin’ After Digoxin’ 
co ne: SCL SACT CSRT SCL SACT CSRT 
A. Without Vagal Blockade (20 patients) 
aA 1110 80 655 1069 117 527 
2t 1096 145 1037 1076 128 984 
3 973 111 443 1040 86 287 
4T 881 oum LE 861 PES a 
5 746 120 339 747 98 223 
6 981 97 443 1040 101 330 
7 728 ie. 271 695 275 
8 1193 109 479 1280 98 302 
9 1077 88 201 1063 75 288 
10 801 101 414 807 115 151 
ii 1205 187 726 1458 230 + SAW 722 
12 1232 82 502 1197 106 292 
13 966 106 449 1237 67 169 
14 817 114 308 893 104 312 
15! 1174 76 2642 1172 960 193 
16 1147 131 418 1189 148 333 
17? 1007 32 1108 1042 51 370 
18 1088 83 399 1116 77 250 
19 1192 105 382 1305 112 300 
20! 677 iue 215 735 eme 181 
Mean 1003 104 602 1051 106 342 
tsp i176.3 +33.1 +550.7 +207.5 +39.5 4203.6 
B. After Partial Vagal Blockade (7 patients) 
1 518 31 52 592 39 '248 
2 685 63 178 696 85 219 
3 640 69 184 704 93 257 
4? 657 46 261 734 85 811 
5t 861 95 210 974 124 372 
6 733 45 217 959 86 361 
7 781 70 249 821 82 271 
Mean 696 60 193 783 85 363 
EisD + 409.8 +21.1 +69.3 i142.3 +24.9 +205.8 
C. After Complete Vagal Biockade (7 patients) 
a 571 116 224 605 150 343 
2t 579 74 172 591 74 204 
3 682 60 257 835 103 288 
4 640 "D 323 659 yes 414 
5t 560 195 586 oe 
6 711 as 604 795 hus e 
7 530 45 101 638 68 127 
Mean 610 74 268 673 99 361 
+50 +67.9 +30.8 +163.5 +101.2 +37.4 +233.6 
B + C. After Partial or Complete Vagal Blockade (14 patients) 
Mean 657 65 233 729 89 362 : 
isD +98.8 i244 i131.5 i131.7 +29.0 +2095 








* Values in these columns refer, respectively, tc control values before digoxin (A), values after administration of 1 mg of atropine (B) and value 


2s after administration of atropine until complete vagal blockade occurred (C). 


T Patients with electrocardiographically recognized sick sinus syndrome before study. SESS 
“CSRT = corrected sinus recovery time (msec); SACT = sinoatrial conduction time (msec); SAW = sinoatrial Wenckebach phenomenön: So 


| = sinus cycle length (msec), SD = standard deviation. 
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Sinoatrial conduction time: Prolongation of the 
post-return cycle (A3-A,)!* prevented estimation of 
sinoatrial conduction time in three patients who re- 
ceived digoxin without atropine. In the remaining 17 
patients, estimated sinoatrial conduction time increased 
in nine and decreased in eight patients after digoxin. 
"Fhe mean value of 106 msec after digoxin was slightly 
but not significantly greater than the mean value of 104 
msec before digoxin. Sick sinus syndrome was the only 
clinical characteristic (Table ID associated with a par- 
ticular directional change in sinoatrial conduction time 
after digoxin. After digoxin three of the four patients 
with sick sinus syndrome and sinoatrial conduction time 
determinations had a lengthened sinoatrial conduction 
time. Although the prolongation in two of these three 
patients was less than 40 msec, sinoatrial Wenckebach 
biock developed in one patient, thus demonstrating that 
digoxin can have clinically detrimental effects on si- 
noatrial conduction in patients with sick sinus syn- 
drome. 

Maximal corrected sinus recovery time: This in- 
terval was determined before and after digoxin in 19 
patients without prior vagal blockade. Technical dif- 
ficulties prevented atrial overdrive pacing in one pa- 
tient. For the group, digoxin shortened the mean value 
for maximal corrected sinus recovery time from 602 + 
551 msec (mean + standard deviation) before to 342 + 
204 msec after digoxin (P «0.01). Because the distri- 
bution of the differences between maximal corrected 
sinus recovery time before and after digoxin was strik- 
ingly abnormal and had an extremely wide range, the 
sign rather than the t test was used as the statistical test. 
'The response to digoxin was much less predictable in 
subjects with long control values for maximal corrected 
sinus recovery time than in other subjects. This fact is 
responsible for the abnormal distribution of the dif- 
ferences in the individual patient's maximal corrected 
sinus recovery times before and after digoxin and their 
large standard deviations (557 msec). 

Individually the maximal corrected sinus recovery 
time decreased in 15 patients, was unchanged in 3 and 
increased by only 87 msec in 1 patient after digoxin. In 
two patients, one of whom had the bradycardia-tachy- 
cardia syndrome, the shortening of maximal corrected 
sinus recovery timè exceeded 300 msec. The shortening 
of this interval after digoxin has beneficial clinical 
therapeutic implications for patients with the brady- 
cardia-tachycardia syndrome. 

Chronic digitalization: Nine of these 20 patients 
had clinical indications fer digitalization and continued 
to receive digoxin therapy after its initiation during 
catheterization. They had not been receiving digitalis 
previously. Eight of the nine have been available for 
follow-up study for 11 to 55 (mean 39) months. The one 
patient in whom Wenckebach block developed during 

.electrophysiologic study was given a permanent sino- 
atrial pacemaker and continues to have sinoatrial block. 
The seven others had no significant deterioration of 
sinus nodal function during acute study and have tol- 
erated long-term digitalization without difficulty. One 
of these seven was restudied a week after his mainte- 
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nance regimen was begun and had no significant change 
in sinus nodal function from that in the acute study. 

Digoxin after vagal blockade: Seven patients re- 
ceived a single 1 mg bolus injection of atropine before 
administration of digoxin. After atropine, the mean 
values for sinus cycle length, sinoatrial conduction time 
and maximal corrected sinus recovery time for this 
group were 696, 60 and 193 msec, respectively. After the 
subsequent administration of digoxin, in all seven pa- 
tients sinus cycle length increased (mean 783 msec), 
sinoatrial conduction time increased (mean 85 msec) 
and maximal corrected sinus recovery time increased 
(mean 363 msec). 

To be certain that 1 mg of atropine offered sufficient 
vagal blockade before the administration of digoxin to 
yield meaningful results, seven additional patients re- 
ceived incremental doses of atropine until complete 
vagal blockade had occurred before digoxin was given. 
This was achieved by administering atropine at 5 min- 
ute intervals in individual doses of 0.1, 0.2, 0.2, 0.2, 0.3 
and then 1 mg each until the sinus rate no longer in- 
creased. A total of 2 to 4 mg was required in individual 
patients. After incremental atropine the mean values 
for sinus cycle length, sinoatrial conduction time and 
maximal corrected sinus recovery time for this group 
were 610, 74 and 268 msec, respectively. After the sub- 
sequent administration of digoxin the sinus cycle length 
increased (mean 673 msec) in seven of seven patients, 
and the maximal corrected sinus recovery time in- 
creased in all six patients who underwent atrial over- 
drive pacing (mean 361 msec). Catheter instability 
prevented determination of the maximal corrected sinus 
recovery time in the remaining patient. 

Estimation of sinoatrial conduction time was inter- 
pretable in only four patients who received digoxin after 
total vagal blockade because prolongation of the post- 
return cycle (A3-A,) prevented meaningful estimation 
in two patients and catheter instability prevented it in 
one. In these four patients, sinoatrial conduction time 
increased in three and was unchanged in one (mean 
values 74 msec before and 99 msec after digoxin). When 
the remarkably similar results in the two groups of pa- 
tients given atropine are pooled, it can be seen that 
when digoxin was administered after vagal blockade 
sinus cycle length lengthened in 14 of 14 patients (223 
to 862 msec) (P «0.01), maximal corrected sinus re- 
covery time lengthened in 13 of 13 patients (657 to 729 
msec) (P «0.01) and sinoatrial conduction time 
lengthened in 10 cf 11 patients (65 to 89 msec) (P <0.01) 
but was unchanged in one. 


Discussion 


Mechanisms of effects of digitalis on mammalian 
sinoatrial node: Our results and those of previous in- 
vestigations of human subjects may seem a little unex- 
pected in light of most of the available knowledge of the 
effects of digitalis on the mammalian sinus node. For 
example, acute administration of therapeutic doses of 
digitalis to intact mammals usually causes sinus slowing 
rather than no change.?- ?? This slowing, which occurs 
in several species, has been attributed to vagal?! 25.2829 


or antiadrenergic mechanisms,??26?7 or both, but not 
to direct effects of digitalis on the sinoatrial node. 


*' Digitalis promotes vagal activity by hypersensitizing 


carotid sinus baroreceptors,” "829 stimulating the 
central vagal nucleus and nodose ganglia,?! and directly 


- potentiating efferent vagal impulses.?!-25 Vagolytic ef- 


: fects of digitalis have not been described. Antiadren- 
. ergic effects of digitalis on the sinus node have been 


 suggested,?9?7 although the mechanism is unknown. 


Reflex-induced vagal inhibition has been excluded.?$ 
Ten Eick and Hoffman” showed that digitalis induced 
sinus bradycardia in cats, dogs and rabbits after vagal 
blockade or vagotomy, after beta adrenergic blockade 
or cardiac sympathectomy but not after combined 
parasympathetic and beta adrenergic blockade. These 
data confirm the vagal and antiadrenergic effects of 
digitalis on sinus rate and appear to exclude any sig- 
nificant direct effect of digitalis on the sinus node in at 


-Teast three mammalian species. 
- Other data suggest that the actions of digitalis on the 


* 


mammalian sinus rate might result from a skewed bal- 


-ance between the vagal and antiadrenergic effects and 


several. contrasting effects rather than from the vagal 


"and antiadrenergic effects alone. These additional ef- 


fects, which appear to be less potent than the vagal and 
antiadrenergic effects in most mammals, include ad- 
renergic stimulation??2599 and possibly a direct positive 
chronotropic effect?! not seen by Ten Eick and Hoff- 
man.?? The adrenergic stimulation occurs both by direct 
potentiation of impulses in sympathetic fibers??° and 
by excitation of sympathetic preganglionic spinal neu- 
rons with resultant adrenal catecholamine secretion.?* 
The catecholamine-releasing effect is greatly reduced 
by pentobarbital sodium anesthesia.?? Direct stimula- 
tory effects have been suggested because toxic doses of 
digitalis have generally been shown to accelerate rather 
than to decrease sinus rate?*263133 in both the inner- 
vated?! and denervated”6 heart unless sinoatrial block 
appears." Although Mendez et al.?® interpreted such 
data to suggest a direct, possibly dose-related stimula- 
tory action of digitalis on the sinus node that may ex- 
ceed the antiadrenergic effects when sympathetic tone 
is low, only in the work of Bonke et al.,?! in which sinus 
acceleration resulted from direct application of digitalis 
to the isolated sinoatrial node of the rabbit, could the 
adrenergic effects of adrenal catecholamine secretion?? 
be excluded. If the vagal, antiadrenergic and adrenergic 
actions are balanced differently in man than in other 
mammals or if direct stimulatory effects occur with 


‘therapeutic doses of digitalis in man, the effects of 


digitalis on sinus rate in man could be explained. 
Effects of digitalis on human sinoatrial node: In 
human studies, the effects of digitalis on sinus rate 
contrast with those in animal investigations. In subjects 
both with and without sinus nodal dysfunction, usually 
no change, less frequently a slight increase but thus far 
no decrease in sinus rate has been noted after digitalis 
(Table I),7.11-15/7 The present study confirms the ab- 
sence of a significant effect by digoxin on the sinus rate 
in most patients. This absence of sinus rate slowing in 
man as compared with animals, especially in subjects 
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without sinus nodal dysfunction,!'?!" suggests that 
differences among species exist, that anesthetic agents 
or surgical trauma can affect the sinus nodal response 
to digitalis or less likely, that cardiac symptoms or dis- 
ease affect the human sinus nodal response to digitalis 
even in the absence of sinus nodal dysfunction. 

Digitalis effects with and without vagal block- 
ade: To evaluate the mechanism of the effect of digitalis 
on human sinus nodal function, our study contrasted 
the action of digoxin after vagal blockade with its action 
without vagal blockade. In each subject, digoxin caused 
a decrease in sinus rate when given after atropine. This 
indicates an antiadrenergic or a direct suppressive effect 
of the drug, or both, in man. In light of this negative 
chronotropic response after atropine, it is surprising 
that in the presence of an intact, also negatively 
chronotropic vagal mechanism, digitalis does not cause 
a decrease in the sinus rate in man as it does in ani- 
mals. 

There are at least two possible although unproved 
explanations for this seemingly paradoxic finding. First, 
if adrenergic or positively chronotropic direct effects of. © 
digitalis occur in man, they may oppose any vagal or 
antiadrenergic effects and therefore prevent any de- 
crease in the sinus rate in the basal state. However, if 
they are relatively weak, as in animals, the logic of 
Mendez et al.? would have to be utilized to account for 
the data; that is, these effects can only be manifest when 
sympathetic tone is low and vagal tone already high (as 
in the resting state), thereby minimizing any vagal or 
antiadrenergic actions of the drug. This may be espe- 
cially true in some patients with the sick sinus syn- 
drome.?? Similar logic would have to be used to explain 
the decrease in the sinus rate caused by digoxin after 
vagal blockade, that is, if adrenergie or positive 
chronotropic direct effects are relatively weak compared 
with the positive chronotropic effect of withdrawing 
vagal inhibition, they may not be able to enhance sinus 
rate further whereas the ability of antiadrenergic effects 
to become manifest might be enhanced. However, the 
finding by Goodman et al.!" that digitalis caused no 
change in sinus rate in six patients after cardiac trans- 
plantation suggests that digitalis has no direct effect on 
the sinus rate in man or that adrenal catecholamine 
release (although no other adrenergic effects) may not 
result from digitalis in man, or both, unless the after- 
effects of surgical trauma or the recipient's underlying 
disease affect their manifestation. Second, it is possible ». 
that digitalis has vagolytic rather than vagomimetic 
effects in man in contrast to other species. This hy- 
pothesis has been suggested to explain the effects of 
ouabain on human atrial refractory periods by Dhingra 
et al.!? 

Digitalis and sinoatrial conduction time: In con- 
trast to its effects on sinus rate, digitalis may prolong 
sinoatrial conduction time in man. Like Goodman et 
al.,!7 we found a mild but statistically insignificant in-: 
crease in sinoatrial conduction time after the adminis- 
tration of digoxin, with the development of sinoatrial 
Wenckebach block in one patient who required a 
pacemaker for chronic digitalization. Other investiga- 
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tors!34 have found that the increase in sinoatrial con- 
duction time after digitalis reached statistical signifi- 
cance (Table I). 

In contrast to the variable findings in patients with 
unblocked vagi, digoxin increased sinoatrial conduction 
time significantly in 10 of our 11 patients after atropine 
as it did in the six patients of Goodman et al.!" with a 
cardiac transplant. Although this increase may have 
resulted from an antiadrenergic action, the results in the 
latter six patients suggest a possible direct suppressive 
effect. As with sinus rate, the relatively mild response 
in the absence of vagal blockade or cardiac denervation 
is surprising and incompletely understood. The decrease 
in sinoatrial conduction time without suppression of the 
sinus rate when digitalis is given to a patient with intact 
autonomic function and the slowing of sinoatrial con- 
duction time despite an unchanged sinus rate in pa- 
tients with a cardiac transplant suggest that the glyco- 
sides have somewhat different effects on sinoatrial au- 
tomaticity and conduction. This may reflect different 
effects. on pacemaker P cells in the sinoatrial node and 
on the perinodal fiber. 

Digitalis and sinus nodal recovery time: Unlike 
the data for sinus rate, there are no animal data to 
suggest how digitalis might affect sinus nodal recovery 
time after overdrive. Tahle I shows that in all studies to 
date except that of Goodman et al.!? and in one case 
reported by Margolis et al.® digitalis caused corrected 
sinus recovery time to shorten in man. Because Good- 
man et al.!? used unusually short and few paced cycle 
lengths, their data may not be comparable with those 
in the other studies. After atropine, we found that di- 
goxin increased maximal corrected sinus recovery time 
- in all patients. Therefore, the digoxin-induced short- 
ening of corrected sinus recovery time in most patients 
in the absence of vagal blockade also seems surprising. 
Although such shortening might be related to those 
factors that keep the sinus rate from slowing as it does 
in animals with intact vagi, it is more likely related to 
suppression of sinoatrial conduction after digoxin. This 
antidromic action could cause sinus nodal entrance 
block during pacing or sinoatrial reentry after pacing. 
Either effect would be expected to shorten corrected 
sinus recovery time. Alternatively, the latter could also 
result from a decrease in overdrive "suppressibility" by 
digoxin. 

Therapeutic implications: Regardless of the 
mechanism of action of digoxin on the sinus node, our 
data and those reviewed by Rubenstein et al.? suggest 
that most patients with sinus bradycardia or sick sinus 
syndrome can be given digitalis safely for therapy of 
cardiac arrhythmias or ventricular failure. Because 


exceptions do arise even in patients with normal cor- 
rected sinus recovery and sinoatrial conduction times 
and only mild sinus bradycardia before digitalis thera- 
py$99 several observers!*4 have suggested that all 
patients with sick sinus syndrome who require digitalis 
be given permanent pacemakers first. We do not agree. 
If the patient with sick sinus syndrome has symptoms 
that would benefit from pacemaker therapy indepen- 
dent of the indication for digitalis, such as syncope from 
sinoatrial arrest or atrioventricular block, then pace- 
maker insertion should undoubtedly be instituted. 
However, if the symptoms are due to a condition that 
may be controlled with digitalis, such as syncope from 
posttachycardia pauses in the bradycardia-tachycardia 
syndrome, or to ventricular failure, then in most cases 
digitalis can be given without a pacemaker. In this latter 
circumstance, the safest course to follow may be to 
evaluate the effects of digitalis on sinus nodal function 
by acute digitalization during an electrophysiologic 
study, using the study data to predict the long-term 
response to the drug. Our experience has shown that if 
severe increases in sinoatrial conduction time or cor- 
rected sinus recovery time are found, then insertion of 
a pacemaker is indicated. If no increases occur, as has 
been true in most patients described by ourselves and 
others,*!}1? then long-term treatment with oral digoxin 
may be given safely without prophylactic pacemaker 
insertion. 

Thus, it appears that digitalis has extremely complex 
effects on sinus nedal function. It affects the sinus nodal 
firing rate through a variety of interactions with neu- 
roadrenal modulatory mechanisms that may not be 
identical at all doses and in all species. The presence of 
direct effects on sinus nodal function has not been es- 
tablished with certainty in man, but these effects may 
be both present and different fer automaticity and 
conduction. The clinical correlates of these complex 
actions are that the effects of digoxin on sinus nodal 
function are not entirely predictable in patients with 
sinus nodal dysfunction. In most patients, sinus cycle 
length will not change, sinoatrial conduction time may 
increase slightly and maximal corrected sinus recovery 
time will shorten. However, exceptions do occur perhaps 
in part because of the wide variation in baseline auto- 
nomic activity that exists in such patients. When the 
safety of digoxin administration in a patient with sinus 
nodal dysfunction is in question and other therapeutic 
interventions such as pacemaker insertion depend solely 
en the effects of its administration, acute digitalization 
during electrophysiologic testing of sinus nodal function 
may quickly and safely suggest the results to be ex- 
pected during its long-term administration. 
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The hemodynamic effects of digoxin plus nitroprusside were compared 
with those of nitroprusside alone in 11 patients with congestive heart 
failure complicating acute myocardial infarction. Hemodynamic mea- 
surements were made using a Swan-Ganz thermodilution catheter and 
a bedside thermodilution cardiac output computer. Patients received in- 
creasing doses of nitroprusside until mean arterial pressure decreased 
to 70 mm Hg or pulmonary arterial wedge pressure decreased to 16 mm 
Hg. The infusion rate of nitroprusside was then held constant for 120 
minutes. After 30 minutes of constant nitroprusside infusion, 0.5 mg of 
digoxin was given intravenously. Hemodynamic measurements were 
obtained before treatment with nitroprusside and immediately before and 
30, 60 and 90 minutes after the administration of digoxin. 

Nitroprusside produced a significant decrease in pulmonary arterial 
wedge pressure (24 to 16 mm Hg), mean arterial pressure (92 to 85 mm 
Hg and systemic vascular resistance (1,816 to 1,480 dynes sec cm ^?) 
and a significant increase in cardiac index (2.19 to 2.51 liters/min per m?). 
Ninety minutes after the administration of digoxin, cardiac index was 
further increased (2.51 to 28.2 liters/min per m?, P = 0.03) and systemic 
vascular resistance was lower (1,480 to 1,320 dynes sec cm™5, P = 0.03). 
Pulmonary arterial wedge pressure was not further decreased by the 
addition of digoxin. Thus, the addition of digoxin further increases cardiac 
output in patients with congestive heart failure complicating myocardial 
infarction who are receiving nitroprusside but does not produce any further 
decrease in pulmonary arterial wedge pressure. 


The use of vasodilating agents in the treatment of congestive heart failure 
complicating acute myocardial infarction results in improved left ven- 
tricular function!-? and increased survival.*? The vasodilator used most 
frequently in this situation is nitroprusside,® an agent that produces 
balanced dilatation in both the venous arid arteriolar beds with a re- 
sultant decrease in pulmonary capillary wedge pressure arid an increase 
in cardiac output.’ However, in some patients, the level of cardiac output 
may remain low or pulmonary capillary wedge pressure high despite 
maximal vasodiiator treatment. Because nitroprusside has no inotropic 
effect,? the addition of a positive inotropic agent should result in a further 
improvement in cardiac function in these patients. 

Digitalis is the inotropic agent most commonly used to treat chronic 
congestive heart failure, but its rolein the treatment of congestive heart 
failure complicating acute myocardial infarction remains controversial? 
However, the weight of the available evidence suggests that digitalis 
improves ventricular performance in patients with acute myocardial 
infarction, particularly if sensitive measures of left ventricular function 
are used to detect this change.!? 

The present study was undertaken to determine whether the combi- 
nation of a vasodilator (nitroprusside) and a positive inotropic agent 
(digoxin) would improve cardiac performance more than treatment with 
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a vasodilator alone in patients with congestive heart 
failure complicating acute myocardial infarction. 


Methods 


_ Patients: The study population consisted of 11 patients 
-with acute myocardial infarction. In all patients, myocardial 
-infarction was documented by a history consistent with in- 
- farction, the development of pathologic Q waves in the elec- 
' trocardiogram and an increase in serum creatine kinase with 
the appearance of the myocardial fraction of creatine kinase 
(CK MB) on electrophoresis. There were eight men and three 
women with a mean age of 57 years (range 36 to 68 years). The 
location of the infarction was anterior in eight patients and 
inferior in three. None of the 11 patients had ever taken dig- 
italis or a vasodilator before this study. All were in Killip class 
I or HI at the time of study. Continuous electrocardiographic 
monitoring in the coronary care unit was carried out on all 
patients during the period of this study. 
Protocol: After informed consent had been obtained, a 
_Swan-Ganz triple lumen thermodilution catheter was posi- 
COtióned in the pulmonary artery. Cardiac output was deter- 
: mined using 10 cc of iced saline solution and an Edwards 
Laboratories cardiac output computer, model 9510A. Each 
"cardiac output was determined in triplicate. Arterial pressure 
was obtained directly via a radial artery cannula. All pressures 
were measured with Hewlett Packard model 1290C pressure 
transducers and model 78205B pressure modules. Mean 
pressures were obtained by electronic damping. 

After baseline hemodynamic measurements were obtained, 
an infusion of nitroprusside was begun at 50 ug/min. The 
infusion rate was increased by 17 ug/min every 10 minutes 
until the mean arterial pressure was less than 70 mm Hg or the 
pulmonary capillary wedge pressure decreased to 16 mm Hg. 
The infusion rate was then held constant for the remainder 
of the study. After the infusion rate had been stabilized for 30 
minutes, hemodynamic measurements were repeated. Di- 
goxin, 0.5 mg, was then given intravenously over 30 seconds 
and the hemodynamic measurements were repeated 30, 60 and 
90 minutes after administration of digoxin. No patient re- 
ceived any other hemodynamically active agent during this 
study. Only patients who completed the entire study within 
48 hours of the onset of infarction are included in this re- 
port. 

Hemodynamic variables were calculated using standard 
formulas. Statistical analysis was performed using a paired 
t test for small samples. 
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Results 


'The average dose of nitroprusside was 120 ug/min 
(range 50 to 280), and the average time from the onset 
of infarction to initiation of therapy was 9 hours (range 
3 to 29). No patient had ventricular arrhythmias that 
required treatment after digoxin therapy. 

Hemodynamic measurements (Table I): Before 
treatment, all patients had an elevated pulmonary . 
capillary wedge pressure (mean 24 + 3 mm Hg, range- 
21 to 30). The cardiac index was less than 2.5 liters/min 
per m? in 10 patients and in the 11th patient, it was in 


the low normal range (2.61 liters/min per m?). Systemic . - 


vascular resistance was elevated in all patients (mean 
1,860, dyne-cm/sec®, range 1,520 to 2,320 dynes sec. 
cm5). At maximal nitroprusside infusion, there was a 
significant decrease in mean arterial pressure, pulmo- 
nary capillary wedge pressure and systemic vascular. 
resistance and a significant increase in cardiac index and. 
stroke index. Stroke work index increased from 23 to 25 _ 
g-m/m?, but the change was not significant (P = 0.08). _ 
Heart rate did not change. After digoxin administration, 
there was no further change in heart rate, mean arterial 
pressure, or pulmonary capillary wedge pressure. Car- 
diac index continued to rise, and 90 minutes after di- 
goxin administration it was greater than with nitro- 
prusside alone (2.51 versus 2.82 liters/min per m?) (P 
= 0.03). Although nitroprusside alone did not result in 


a significant increase in stroke work index, 30 and 90 - s 


minutes after digoxin this variable was increased over 
control values (23 versus 27 g-m/m?) (P = 0.05) but was 
not different from the stroke work index after nitro- 
prusside alone (25 versus 27 g-m/m?) (P = 0.1). Sys- 
temic vascular resistance, which decreased with nitro-. 
prusside therapy, continued to decline after digoxin - 
administration, and 90 minutes after digoxin it was 
lower than with nitroprusside alone (1,480 versus 1,320 
dynes sec cm ^?) (P = 0.03). 

Analysis of hemodynamic changes (Fig. 1): Ni- 


troprusside administration produced a decrease in- - 


pulmonary capillary wedge pressure and systemic vas- 
cular resistance in all patients. Ninety minutes after 
digoxin administration, pulmonary capillary wedge 








TABLE I 
Hemodynamic Data 
HR MAP PCWP Ci SWI SVR 

C 94 + 20 g2+ 11 24 13 2.19 + 0.33 2347 1816 + 264 
N 95 + 17 85 + 11" 16 + 2! 2.51 + 0.57* 2547 1480 + 376! 
D30 944 18 86 i 11* 16 € 4! 2.63 + 0.55! 27 + 8" 1432 + 2967 
D60 93 + 16 84 + 12° 175! 2.60 + 0.577 26 i6 1424 + 3687 
D90 98 + 19 83 + 13° 17437 2.82 + 0.7218 2749 1320 + 320!$ 





* Probability (P) < 0.05 versus control. 

t P « 0.001 versus control. 

i P < 0,01 versus control. 

$ P < 0.05 versus nitroprusside. 

Values are mean + 1 standard deviation. 


C = control data; Cl = cardiac index (liters/min per m?); D30, D60 and D90 = data 30, 60 and 90 minutes, respectively, after 0.5 mg of digoxin, - 
HR = heart rate (beats/min): MAP = mean arterial pressure (mm Hg); N = data during constant nitroprusside infusion; PCWP = pulmonary capillary 
wedge pressure (mm Hg); SVR = systemic vascular resistance (dynes sec cm y; SWI = stroke work index (g-m/ne). 
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pressure remained unchanged in all patients, whereas 
in eight patients systemic vascular resistance had de- 
creased further. Cardiac index increased from control 
values in 7 patients with nitroprusside alone and in 10 
patients with nitroprusside plus digoxin. In 9 of 11 pa- 
tients the cardiac index was greater with nitroprusside 


= plus digoxin than with nitroprusside alone. In five pa- 


tients, cardiac index remained less than 2.5 liters/min 
per m? after treatment with nitroprusside, and in four 
of these patients cardiac index increased further after 
digoxin. Six patients had a normal cardiac index after 
treatment with nitroprusside, and in five of these pa- 
- tients, cardiac index continued to improve after digoxin 
was added. Similarly, eight patients showed an increase 
in stroke work index with nitroprusside alone whereas 
nine showed an increase in stroke work index with ni- 
troprusside plus digoxin. In seven patients, stroke work 
index was greater with nitroprusside plus digoxin than 
with nitroprusside alone. 


Discussion 


The three most important determinants of cardiac 
output are preload, afterload and the inotropic state of 
the mvocardium.!! Although the latter determinant, 

<: inotropic state, is important in both the normal and 
failing heart, the same cannot be said about ventricular 

- loading because the normal heart is preload-dependent 
and afterload-independent, whereas the reverse is true 
for the failing heart as long as filling pressures remain 
elevated. Although the dependence of cardiac output 
‘on afterload was appreciated by Patterson and Star- 
ling!’ in 1914, it was not until 1971 that Majid et al.!? 
-utilized this principle for therapeutic purposes. A sub- 
stantial body of evidence has now been accumulated 
-showing that vasodilators are effective in the treatment 
of chronic congestive heart failure914-16 and acute 
congestive heart failure complicating acute myocardial 
infarction.'-? Although several vasodilators have been 
used, nitroprusside is the drug most frequently em- 
ployed in the treatment of acute congestive heart fail- 
ure.®14 This agent has a balanced effect in reducing both 
venous and arteriolar tone resulting in a decrease in 
ventricular filling pressures and an increase in cardiac 
output.? In the present study, all measures of cardiac 
performance improved after nitroprusside therapy 
whereas systemic vascular resistance and mean arterial 
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FIGURE 1. Individual and group data for pulmonary 
capillary wedge pressure (PCWP, mm Hg), cardiac 
index (Cl, liters/min per m?), stroke work index 
(SWI, g-m/m?), and systemic vascular resistance 
(SVR, dynes sec cm^5). The values shown were 
obtained during the control period (C). during 
constan: nitroprusside infusion (N) and 90 minutes 


E d od after the administration of digoxin (N + D). Mean 
OMNE IER values are indicated by open circles. ns = not 
N NHD significant {probability > 0.05); p = probability. 


pressure decreased. These results are consistent with 
those of previous studies on the use of nitroprusside in 
congestive heart failure after acute myocardial infarc- 
tion.-5 

Digitalis in congestive heart failure complicating 
acute myocardial infarction: Because nitroprusside 
has no intrinsic inotropic properties, the combination 
of nitroprusside and a pesitive inotropic agent might be 
expected to improve cardiac function more than either 
agent alone. In chronic congestive heart failure, the use 
of nitroprusside plus depamine produces a larger in- 
crease in cardiac index than either agent individual- 
ly.'718 However, the usefulness of a positive inotropic 
agent, especially digitalis, in congestive heart failure 
complicating acute myocardial infarction remains 
controversial2J9 Numercus experimental!??9 and 
clinical?!-?8 studies have failed to show any increase in 
cardiac output or reduction in pulmonary capillary 
wedge pressure after the administration of digitalis in 
the presence of acute myocardial infarction. In part, 
these results are explained by the fact that in some of 
these studies little clinical or hemodynamic evidence 
of congestive heart failure was present before digitali- 
zation.?-?? Because digitalis is known to have little or 
no effect on cardiac output or pulmonary capillary 
wedge pressure in the absence of congestive heart fail- 
ure.?* these results are not surprising. In the absence of 
congestive heart failure, the direct peripheral vaso- 
constrictor effects of digitalis may predominate, and the 
subsequent increase in ventricular afterload. may ac- 
tually cause a decrease in cardiac output and an increase 
in pulmonary capillary wedge pressure.?*25 In patients 
with congestive heart failure complicating acute myo- 
cardial infarction, digitalis can produce an increase in 
cardiac index and a decrease in pulmonary capillary 
wedge pressure,??-?? although these beneficial effects 
may not occur in all patients with congestive heart 
failure.” Rahimtoola et al.?5 showed that even in the 
absence of an increase in cardiac index or a decrease in 
pulmonary arterial wedge pressure, digitalis improves 
left ventricular function in patients with congestive 
heart failure after acute myocardial infarction. In this 
study the first derivative of left ventricular pressure 
(dP/dt) was significantly inereased and the ratio of 
preejection period to left ventricular ejection time 
(PEP/LVET) significantly decreased after the admin- 


992 May 1979. The American Journal of CARDIOLOGY Volume 43 


istration of ouabain to patients with acute myocardial 
infarction and congestive heart failure. 

Digoxin plus nitroprusside: Whatever the effects 
of digitalis alone in acute myocardial infarction, our 
study demonstrates that digoxin given to patients with 
heart failure who were already receiving nitroprusside 
produced a significant increase in cardiac index and 
‘stroke work index. This increase in cardiac index oc- 
curred whether or not the cardiac index had been nor- 
malized by nitroprusside therapy. Concomitant with 
this increase in cardiac index, systemic vascular resis- 
tance fell significantly from the level achieved with ni- 
troprusside alone. Presumably, withdrawal of sympa- 
thetic tone occurred as cardiac output increased with 
a resultant decrease in systemic vascular resistance.” 
Although it is unlikely that such changes in cardiac 
index and systemic vascular resistance were spontane- 
ous and unrelated to the administration of digoxin, this 
possibility cannot be excluded. However, in our expe- 
rience patients receiving nitroprusside tend to have a 
stable hemodynamic pattern as long as the rate of 

infusion of the drug is kept constant. 

Digitalis and cardiac output: The mechanism re- 
sponsible for the increase in cardiac output after the 
administration of digitalis remains open to question. 
Maroko and Braunwald?? have shown that an area of 
infarction is surrounded by a “border zone" of ischemic 
tissue, which in turn is surrounded by normally perfused 
myocardium. In experimental infarction Banka et al.?? 
concluded that digitalis preparations retain a positive 
inotropic effect on both the normal and border zones 
but have no effect on the central zone of infarction. In 
that study both the total tension developed and the rate 
of tension development in the normal and border zones 
were increased by the administration of digoxin. Pre- 
viously, Sarnoff et a1?! demonstrated that digitalis in- 
creased myocardial contractility in the isolated heart 
preparation even when coronary flow was reduced to 30 
percent of control values. Thus, the increase in cardiac 
output in our patients could be due to the positive ino- 
tropic effect of digitalis. However, another explanation 
is possible. When given to dogs with acute myocardial 
infarction and congestive heart failure, intravenous 
digitalis increased coronary collateral blood flow to 
ischemic zones.?? This increase in coronary flow was 
accompanied by a marked decrease in ischemic S-T 
segment elevation. Similar changes in coronary flow to 
ischemic zones and electrocardiographic signs of isch- 
emic injury were demonstrated by Vatner et al.?? They 
also showed that these changes in coronary blood flow 
are accompanied by an improvement in overall left 
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ventricular function and in contraction characteristics 


of the ischemic zone. Finally, when given to patients 
with acute myocardial infarction and congestive heart 
failure, digitalis decreased final infarct size as measured 
by serum creatine kinase accumulation.** These data 
suggest that digitalis may improve left ventricular 
function in acute myocardial infarction by decreasing 
myocardial ischemia with a resultant improvement in 
the contraction characteristics of the ischemic zone 
rather than by its positive inotropic effect. 

Digitalis and pulmonary capillary wedge pres- 
sure: Nitroprusside produced a significant decrease in 
pulmonary capillary wedge pressure from 24 to 17 mm 
Hg, but the addition of digoxin did not result in any 
further decrease in this pressure. The reasons for this 
failure of digoxin to decrease pulmonary capillary wedge 
pressure further are not clear. Both digitalis and ni- 
troprusside decrease ventricular filling pressures by 
increasing venous capacitance and decreasing venous 
return to the heart. In the case of nitroprusside, this is 
a direct effect of the drug,® whereas with digitalis, ve- 
nous relaxation is due to a decrease in sympathetic tone 
consequent to an increase in cardiac output.?* The de- 
crease in systemic vascular resistance in our patients 
after the administration of digoxin suggests that sym- 
pathetic withdrawal did occur. It may be that in the 
presence of the direct venous dilating effects of nitro- 
prusside, a further decrease in venous tone could not 
occur despite decreased sympathetic stimulation and, 
therefore, pulmonary capillary wedge pressure did not 
decrease after treatment with digitalis. It is also possible 
that the change in cardiac volume produced by digoxin 
was too small to produce a decrease in left ventricular 
end-diastolic pressure because it is known that in the 
postinfarction state, ventricular compliance may be 
greatly altered.?? 

Clinical implications: The combination of nitro- 
prusside and digoxin produced a greater increase in 
cardiac index and stroke work index and a greater fall 
in systemic vascular resistance than were produced by 
nitroprusside alone when given to patients with con- 
gestive heart failure in the early stages of acute myo- 
cardial infarction. This further increase in cardiac index 
occurred whether or not cardiac index had been nor- 
malized by nitroprusside. Treatment with nitroprusside 
plus digoxin did not result in any greater decrease in 
pulmonary capillary wedge pressure than treatment 
with nitroprusside alone. Therefore, this combination 
of a positive inotropic agent and a vasodilator may be 
useful in the treatment of congestive heart failure 
complicating acute myocardial infarction. 
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Sixteen patients with significant two and three vessel coronary artery * 


disease but without clinical congestive heart failure were studied during — E 


rapid atrial pacing before and after infusion of 0.015 mg/kg of ouabain. - 
Seven patients with a decreased (less than 50 percent) ejection fraction 
and nine patients with a normal ejection fraction had a significant (P 
« 0.05) increase in resting arterial systolic pressure after the adminis- 
tration of ouabain. However, resting values for coronary sinus flow, cor- 
onary vascular resistance, myocardial oxygen consumption and myo- - 
cardial lactate extraction did not change significantly in either group. 
During pacing, patients with a decreased ejection fraction demonstrated _ 
more ischemia than patients with a normal ejection fraction; however, : 
the administration of ouabain did not significantly alter pacing-related 
changes in coronary sinus flow, myocardial oxygen consumption, myo- _ 
cardial lactate extraction, ischemic electrocardiographic changes or onset - 
of chest pain in either group. The administration of ouabain has a negligible 
effect on coronary hemodynamics, myocardial metabolism or clinical 
signs of ischemia in patients with coronary artery disease with normal 
or abnormal left ventricular function. 


Although digitalis is used frequently in patients with coronary artery 
disease, its net effect on the relation between myocardial oxygen supply _ 
and demand remains unclear. By its inotropic action, digitalis increases 
myocardial oxygen demandi; at the same time, it may limit oxygen. 
supply by direct coronary constriction.? On the other hand, by decreasing 
heart rate and ventricular chamber size, digitalis may decrease myo- 
cardial oxygen requirements and improve oxygen delivery to the sub- 
endocardium by reducing the ventricular filling pressure.” 2 


Experimental studies‘ suggest that left ventricular function may be : 


an important determinant of how digitalis alters myocardial oxygen 
supply and demand relations. We undertook this study to investigate — 
how left ventricular performance might influence the acute effects of- 
digitalis on coronary hemodynamics, myocardial metabolism and clinical _ 
signs of ischemia during rapid atrial pacing in patients with significant _ 
coronary artery disease. 


Methods 


Patients: Patients were selected for study on the basis of angiographically 
proved coronary artery disease and the absence of clinical heart failure severe 
enough to have required digitalis therapy in the past. Sixteen men, aged 42 to = 
63 years (average 53.5), were studied. All patients had a clinical diagnosis of — 
angina pectoris, and seven had electrocardiographic evidence of previous myo- 
cardial infarction. All patients had normal sinus rhythm. The study was per- 
formed in a specially equipped unit adjacent to the coronary care unit. Informed 
consent was obtained from each patient. us : 

Procedures: Arterial systolic, mean and diastolic pressures were measured 
with a Statham 23DB transducer after percutaneous insertion of a cannula into. 
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the radial or brachial artery. Coronary sinus flow was mea- 
sured utilizing the continuous thermal dilution technique 
described by Ganz et al.? In our laboratory, flows determined 
in vitro utilizing this technique correlated well (r = 0.949) with 
directly measured flows of 50 to 450 cc/min delivered by an 
adjustable sigma motor pump into a circuit of synthetic tub- 
ing. After insertion of the thermistor catheter, its position was 
verifiec by injecting contrast material to outline thé coronary 
sinus. To maintain a stable catheter position, the external 
thermistor was positioned well beyond the mouth of the cor- 
onary sinus. In this location, flow measurement and blood 
sampling are primarily reflections of blood supply to the an- 
terolateral left ventricle. Although reflux of right atrial blood 
into the coronary sinus during rapid atrial pacing has been 
reported to result in erroneously elevated coronary sinus flow 
values,° mean coronary sinus oxygen saturation in our patients 
was essentially the same before and during pacing (26.3 and 
26.9 percent, respectively}. Although reflux of right atrial 
blood could conceivably have been masked by an equivalent 
true decrease in coronary sinus oxygen saturation, we think 
it unlikely that this occurred. 

Coronary vascular resistance was calculated as the ratio of 
mean arterial pressure to coronary sinus flow. Atrial pacing 
was performed from the same catheter which was also 
equipped with bipolar pacing electrodes. Heart rate and S-T 
segment displacement were monitored throughout the study 
from a single calibrated electrocardiographic lead (V5). Double 
product was calculated as the product of arterial systolic 
pressure and heart rate. Recordings were made on a Hew- 
lett-Packard photographic recorder at variable paper speeds. 
Arterial and coronary sinus lactate concentrations were 
measured with enzymatic techniques.’ Myocardial lactate 
extraction was calculated as (arterial lactate minus coronary 
sinus lactate/arterial lactate) times 100. Arterial and coronary 
sinus bloed oxygen in percent saturation was measured with 
an American Optical oximeter. Myocardial oxygen con- 
sumption was calculated as coronary sinus flow times (arterial 
oxygen minus coronary sinus oxygen). 

Atrial pacing before and after ouabain: Before atrial 
pacing, two control measurements were obtained 15 minutes 
apart and averaged to yield a single control value (C). Dif- 
ferences between the two control measurements (mean + 
standard error of the mean) were 3.0 + 6.0 cc/min for coronary 
sinus flow, 9.2 + 6.2 percent for myocardial lactate extraction 
and 1.2 + 1.3 percent for arterial oxygen saturation minus 
coronary sinus oxygen saturation; these differences were not 
significant. After control measurements, atrial pacing was 
started and the pacing rate increased every 1 to 2 minutes until 
chest pain appeared. In two patients who did not have chest 
pain during pacing, the maximal heart rate achieved was 160 
beats/min in both. Measurements were repeated at the peak 
pacing rate (P1) and pacing was then discontinued. To avoid 
baseline shift due to atrial depolarization during pacing, 
measurement of S-T segment change was made from the first 
few sinus beats after termination of pacing. A flat or down- 
ward sloping S- T depression of 0.1 mv or greater was consid- 
ered "ischemic." 

After this initial pacing period, the patient was allowed to 
return to a basal state for approximately 30 minutes. Ouabain, 
0.015 mg/kg in 20 cc of saline solution, was then infused over 
a 10 to 15 minute interval. The total dose of ouabain given 
ranged from 0.7 to 1.4 mg (average 1.1 mg). Measurements 
were repeated 15 and 30 minutes after completion of ouabain 
infusion and averaged for a single second control value (C2). 
Atrial pacing was then repeated (P+), with measurements 
obtained as previously described. When necessary, atropine, 
0.5 to 1.0 mg intravenously, was given during pacing to achieve 
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an adequate ventricular response. Three patients received 
atropine during both pacing periods, one patient during the 
first pacing period only and five patients during the second 
(postouabain) pacing period only. 

Statistical significance was determined with the Student's 
t test for paired numerical data. Probability (P) values above 
0.05 were considered not significant. 


Results 


At the time of corenary arteriography, all 16 patients 
had significant obstruction (70 percent or greater ob- 
struction of the cross-sectional area) of two (10 patients) 
or three (6 patients) major coronary vessels. Left ven- 
tricular ejection fraction was measured in each patient. 
In nine patients, ejection fraction was normal (50 per- 
cent or greater), averaging 68 percent (range 50 to 91 
percent). In the remaining seven patients, ejection 
fraction was less than 50 percent, averaging 34 percent 
(range 20 to 49 percent). 


Hemodynamic Data 


Heart rate: In the nine patients with a normal ejec- 
tion fraction, heart rate increased with pacing from 71 
+ 3 to 145 + 6 beats/min before administration of oua- 
bain and from 74 + 4 to 141 + 6 beats/min after ouabain. 
In the seven patients with a decreased ejection fraction, 
heart rate increased with pacing from 76 + 3 to 149 + 
5 beats/min before administration of ouabain and from 
79 + 4 to 140 + 5 beats/min after ouabain. The values 
for resting and paced heart rates were not significantly 
different before and after ouabain in either group of 
patients. 

Arterial pressure: In the nine patients with a nor- 
mal ejection fraction, arterial systolic pressure was 134 
+ 10 mm Hg at rest and 132 + 14 during the first pacing 
period. After ouabain, the resting value increased sig- 
nificantly (P <0.05) te 143 + 9 mm Hg. With pacing, 
arterial systolic pressure was 140 + 15 mm Hg and was 
not significantly different from the value during pacing 
before ouabain. Before ouabain, mean arterial pressure 
and arterial diastolic pressure were increased during 
pacing from 91 + 5 and 67 + 3 mm Hg to 97 + 8 and 78 
t 5mm Hg, respectively. Ouabain did not significantly 
alter these pressures either at rest or during pacing, 
mean arterial pressure increasing from 94 + 4 to 99 x 
10 mm Hg and arterial diastolic pressure increasing 
from 71 + 2 to 81 +7 mm Hg. 

In the seven patients with a reduced ejection fraction, 
arterial systolic pressure was 124 + 5 mm Hg at rest and 
151 + 11 during pacing before ouabain. After ouabain, 
resting arterial systolic pressure increased to 141 + 5 
mm Hg (P «0.02). During the second pacing period, 
arterial systolic pressure was 158 + 11 mm Hg, which 
was not significantly different from the value during 
pacing before ouabain. During the first control period, 
mean arterial pressure and arterial diastolic pressure 
were 91 + 3and 71 + 3 mm Hg at rest, increasing to 114 
+ 7 and 94 + 5 mm Hg, respectively, during pacing. 
After ouabain, these pressures were similar, averaging 
95 X 4and 74 + 3mm Hg and increasing to 114 + 6 and 
94 + 6 mm Hg, respectively, during pacing. 


Double product: In the nine patients with a normal 
ejection fraction, the double product before ouabain was 
:9500 £ 700 mm Hg X beats/min, increasing to 18,700 + 
1,500 with pacing. After ouabain, the resting double 
product was significantly increased (P «0.05), averaging 
10,400 + 600 mm Hg X beats/min. During pacing after 
ouabain, double product increased to 19,300 + 1,700 
mm Hg X beats/min, a value not significantly different 
‘from that during pacing before ouabain. In the seven 
patients with a reduced ejection fraction, the double 
product before ouabain was 10,400 + 700 mm Hg X 
beats/min and increased to 22,400 + 1,700 during pac- 
ing. After ouabain, resting double product was 11,100 
+ 800 mm Hg X beats/min and increased to 22,000 + 
1,500 during pacing. Neither resting nor paced double 
product after ouabain was significantly changed from 
pre-ouabain values. 

Coronary sinus flow (Fig. 1): Patients with a nor- 
-mal ejection fraction had resting coronary sinus flow 
averaging 121 + 18 cc/min, which increased to 179 + 13 
during pacing. After ouabain, coronary sinus flow at rest 
was 112 + 10-cc/min, increasing to 158 + 8 with pacing. 
: Patients with an abnormal ejection fraction had coro- 
“nary sinus flow averaging 99 + 17 cc/min at rest, in- 
-creasing to 223 + 44 with pacing. After ouabain, coro- 

nary sinus flow was 124 + 27 cc/min at rest, increasing 

to 281 +-79 during pacing. The values for coronary sinus 
flow at rest and during pacing did not differ significantly 
before as compared with after ouabain. 

Coronary vascular resistance (Fig. 2): Patients 
with a normal ejection fraction had a reduction in cor- 
onary vascular resistance with pacing from 0.82 + 0.09 
to0.62 + 0.10 units. After ouabain, coronary vascular 
resistance decreased with pacing from 0.90 + 0.11 to 0.68 
+ 0.06 units. Coronary vascular resistance values at rest 
and during pacing were not significantly different before 
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FIGURE 1. Coronary sinus flow increased in both groups during pacing 

“with the greater increase occurring in patients with a reduced ejection 
fraction (EF). Although in both groups of patients, coronary sinus flow 
at rest (C) and during pacing (P) was higher after ouabain (open circles) 
than before ouabain (closed circles), the differences were not statis- 
tically significant. 
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and after ouabain. Patients with a reduced ejection 
fraction had a resting coronary vascular resistance av- 
eraging 1.25 + 0.40 units, which fell to 0.59 + 0.11 units 
during pacing. After ouabain, resting coronary vascular 
resistance was 1.06 + 0.31 units (difference not signifi- 
cant). During pacing, coronary vascular resistance fell 
to 0.52 + 0.10 units and was lower in each of the six pa- 
tients than it had been before ouabain (P <0.05). 


Arterial-coronary sinus oxygen difference: Pa- — 


tients with a normal ejection fraction had an arterial- 
coronary sinus oxygen difference of 68 + 2 percent at 
rest and 70 + 2 during pacing. After ouabain, these 
values were essentially the same, averaging 69 + 2 per- 
cent at rest and 70 + 1 with pacing. In patients with a 
reduced ejection fraction, arterial venous oxygen dif- 
ference before ouabain was 71 + 1 percent at rest and 
72 & 2 during pacing. After ouabain, the respective 
values were 73 + 2 percent and 74 + 1 (difference not 
significant). 

Myocardial oxygen consumption (Fig. 3): Because 
hemoglobin was not measured, myocardial oxygen 
consumption was expressed as percent change from 
control value rather than as cc/min. In patients with a 
normal ejection fraction, myocardial oxygen con- 
sumption increased by 55 + 10 percent during the initial 
pacing period. After ouabain, resting myocardial oxygen 
consumption was 2.5 + 10 percent above initial control 
values (difference not significant). During the second 
pacing period, myocardial oxygen consumption in- 
creased by 46 + 16 percent and was not significantly 
different from the value during the first pacing period. 
In patients with a reduced ejection fraction myocardial 
oxygen consumption increased by 112 + 32 percent 
during the first pacing period. After ouabain, resting 
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FIGURE 2. Coronary vascular resistance decreased in both groups. 
during pacing. Ouabain had virtually no effect on the reduction of cor- - 
onary resistance in response to increased metabolic needs. Symbols 
and abbreviations as in Figure 1. : 
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FIGURE 3. Percent change in myocardial oxygen consumption before 
and after ouabain. in patients with a normal ejection fraction (EF), similar 
increases in myocardial oxygen consumption occurred during pacing 
before (P) and after (O-FP) ouabain; ouabain alone (O) had negligible 
^ effect-on myocardial oxygen consumption. Patients with a reduced 
ejection fraction had larger increases in myocardial oxygen con- 
sumption during pacing than patients with normal ejection fraction but 
these increases were also similar before and after ouabain. Ouabain 
alone increased myocardial oxygen consumption in these patients, but 
the increase (31 + 16 percent! was not statistically significant. 


MYOCARDIAL OXYGEN CONSUMPTION 


myocardial oxygen consumption increased by 31 + 16 
percent, but this difference was not significant. During 
the second pacing period, myocardial oxygen con- 
sumption increased by 113 + 30 percent, which was not 
significantly different from the increase during pacing 
before ouabain. 

Myocardial lactate extraction (Fig. 4): Eight of 
nine patients with a normal ejection fraction had normal 
(greater than 10 percent) myocardial lactate extraction 
at rest (average 35 + 4 percent). With pacing, myocar- 
dial lactate extraction decreased to 16 +5 percent and 
was 10 percent or less in three patients. After ouabain, 
resting myocardial lactate extraction averaged 24 4 5 
percent (difference not significant) and was abnormal 
in three patients. During the second pacing period, 
myocardial lactate extraction again averaged 16 + 6 
percent (difference not significant) and was abnormal 
in three patients, two of whom had abnormal myocar- 
dial lactate extraction during the first pacing period. All 
patients with a reduced ejection fraction had normal 
values for resting myocardial lactate extraction, aver- 
aging 23 + 5 percent. During pacing, myocardial lactate 
extraction became abnormal in five of the seven pa- 
tients, averaging —1 + 15 percent. After ouabain, resting 
myocardial lactate extraction was again normal in all 
patients, averaging 33 + 8 percent. During pacing after 
ouabain, myocardial lactate extraction again became 
abnormal in the same five patients who had abnormal 
myocardial lactate extraction with pacing before oua- 
bain. Average myocardial lactate extraction was —0.4 
+ 16 percent and was not significantly different from 
that during the initial pacing period. 


Electrocardiographic and Clinical Observations 


Ischemie S-T segment changes developed during 
pacing in five of the eight patients with a normal ejec- 
tion fraction. (Electrocardiographic changes in the ninth 
patient could nct be interpreted because of left bundle 
branch block.) Average S-T depression was 0.13 + 0.05 
mv. After ouabain, no patient had changes in the resting 
electrocardiogram. During pacing, four of the five pa- 
tients who had previously had ischemic S-T depression 
during pacing again had ischemic changes, with an av- 
erage for the eight patients of 0.14 + 0.05 mv depression 
(difference not significant). Five of the seven patients 
with an abnormal ejection fraction had ischemic S-T 
segment depression during the first pacing period, av- 
eraging 0.19 + 0.08 mv. After ouabain, the resting 
electrocardiogram was again unchanged. During the 
second pacing period, four of the five patients who had 
ischemic changes during the first pacing period again 
had ischemic changes as did one additional patient. 
Average S-T segment depression was 0.16 + 0.05 mv 
(difference not significant). 

Chest pain during Pacing developed in eight of the 
nine patients with a normal ejection fraction before 
ouabain and in all nine patients after ouabain. Six of the 
seven patients with an abnormal ejection fraction had 
chest pain during pacing both before and after ouabain. 
No patient in either group had chest pain at rest after 
ouabain. 


Discussion 


This study was undertaken to examine the acute ef- 
fects of digitalis on coronary hemodynamics, myocardial 
metabolism and clinical manifestations of pacing-in- 
duced ischemia. It was postulated that the effects of 
digitalis might be different in patients with and without 
impaired left ventricular function and, for this reason, 
we analyzed our results separately for patients with a 
left ventricular ejection fraction above and below 50 
percent. In examining our results, two facts became 
apparent: (1) The nine patients with a normal ejection 
fraction responded differently to pacing than did the 
seven patients with a reduced ejection fraction; and (2) 
in neither group of patients did ouabain administration 
significantly alter the hemodynamic, metabolic or 
clinical response to pacing. 

Left ventricular function and response to pacing: 
Although the purpose of our study was not directed 
toward assessing how left ventricular function in- 
fluenced the response to pacing, the difference we ob- 
served between the two groups of patients deserves 
comment. This difference was characterized by sizable 
increases in arterial systolic pressure, coronary sinus 
flow and myocardial oxygen consum ption and decreases 
in myocardial lactate extraction in patients with ab- 
normal ejection fraction, even though the increases in 
heart rate during pacing were similar for both groups 
of patients. Part of this difference may have been due 
to more advanced coronary artery disease in the seven ` 
patients with a reduced ejection fraction, of whom five 
bad triple vessel disease compared with only one of the 
nine patients with normal ejection fraction. The re- 
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maining patients in each group had two vessel disease. 
We? previously reported a close correlation between 
pacing-induced elevation of arterial systolic pressure 
and other evidence of myocardial ischemia. The increase 
in arterial systolic pressure observed during pacing in 
-our patients with a reduced ejection fraction coupled 
. with the greater decrease in lactate extraction suggests 
that, as a group, these patients had more ischemia 
- during pacing than did the nine patients with a normal 
ejection fraction. Impaired ventricular emptying plus 
increased arterial systolic pressure probably lead to 
larger increases in myocardial oxygen requirements, and 
these factors may explain the greater increase in coro- 
nary sinus flow and myocardial oxygen consumption 
_observed during pacing in our patients with a reduced 
ejection fraction. In spite of the different responses to 
_ -pacing by our two groups, the effects of ouabain both at 
` rest and during atrial pacing were not significantly 
- different in these groups. 
.. Hemodynamic effects of digitalis: Acute admin- 
istration of digitalis can exert several effects that in- 
-: fluence myocardial oxygen supply or demand, or both. 
_ The direct vascular action of digitalis is primarily 
-. vasoconstrictive involving both arterioles and venules.? 
In our patients, resting arterial systolic pressure was 
- significantly increased after ouabain. We did not mea- 
sure cardiac output and therefore cannot say if the in- 
crease in arterial systolic pressure we observed after 
ouabain was due to an increase in systemic-vascular 
resistance or to its inotropic effects. Although rapid 
injection of ouabain is known to exert potentially dan- 
gerous increases in systemic resistance,!? intravenous 
administration over 15 minutes (as was done in our 
patients) has been shown by DeMots et al.!! not to re- 
sult in significantly increased systemic-vascular resis- 
tance after 30 minutes. 

Digitalis and coronary blood flow: The direct ef- 
fects of digitalis on coronary blood flow and its distri- 
bution may also be important. Experimental studies? 
have shown that digitalis can cause alpha adrenergically 
mediated coronary constriction even in the presence of 
. myocardial ischemia. Additional studies!” suggest that 
- digitalis tends to redistribute myocardial blood flow 
from the subendocardium to the subepicardium but 
that this effect may be the result of an increase in left 
ventricular systolic pressure. In contrast, Hamilton et 
al.? were unable to demonstrate significant effects of 
digoxin on myocardial thallium-201 uptake in conscious 
dogs. ; 

'The effects of ouabain on resting coronary blood flow 
have been studied by DeMots et al.,!^ who measured 
global coronary flow using xenon-133 in 11 patients with 
severe coronary artery disease but without congestive 
heart failure. No significant changes were observed 
immediately or 30 or 60 minutes after a 15 minute 
infusion of ouabain given in a dose of 0.015 mg/kg. A 
later similar study by these investigators!! using coro- 
nary sinus flow measurements also failed to show sig- 


|... nificant changes in either coronary sinus flow or coro- 
nary vascular resistance 30 minutes after ouabain 


infusion, although a significant decrease in coronary 
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FIGURE 4. Myocardial lactate extraction was normal (greater than 10. 
percent) at rest in both patient groups and was not significantiy affected: 





by ouabain. Düring pacing, myocardial lactate extraction decreased: . 


more in the patients with a reduced ejection fraction, and mean myo- > 
cardial lactate extraction became abnormal; however, in neither group. 
did administration of ouabain have significant effects on myocardial 
lactate extraction during pacing. Symbols and abbreviations as in Figure 
1. 


sinus flow was present 2 minutes after a bolus injection 
of ouabain. These studies confirm our own results, — 
which showed no significant effect of ouabain infusion 
on resting coronary sinus flow in patients with coronary 
artery disease but without congestive heart failure. 
Likewise, neither their study nor our own showed any 
significant effect of ouabain infusion on resting myo- 
cardial lactate extraction in patients with coronary ar- 
tery disease. 

Digitalis and myocardial ischemia: Although 
ouabain infusion appears to have negligible effects on 
resting coronary hemodynamics and myocardial lactate 
metabolism, its effects on myocardial ischemia during 
stress when myocardial oxygen requirements are in- 
creased could be important. Glancy et al./? studied the 
effects of ouabain (0.01 mg/kg) during supine bicycle ` 
exercise in 14 patients with coronary artery disease 
while measuring left ventricular pressure and cardiac 
output. Hemodynamic improvement after ouabain oc- 
curred in a few patients at rest and in 12 of 14 during 
exercise. In spite of this improvement, neither exercise 
tolerance nor pressure-rate product at onset of angina 
was altered. Higgs et al.'© made similar measurements 
during rapid atrial pacing in 11 patients with coronary _ 
artery disease and reached identical conclusions, finding - 


that ouabain did not delay or prevent the onset of an- __ 


gina in spite of hemodynamic improvement after its 
administration. 

Ferlinz et al.!7 performed studies during atrial pacing 
before and after administration of ouabain in a dose of 
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0.07 mg/kg in 15 patients with coronary artery disease 
< Who did not have congestive heart failure. Resting cor- 
onary sinus flow and myocardial oxygen consumption 
were significantly increased after ouabain; however, 
lactate production and angina did not develop. During 
‘pacing, similar increases in coronary sinus flow and 
myocardial oxygen consumption and decreases in lac- 
=> tate extraction occurred before and after ouabain. Our 
-* results are consistent with those cited. In addition, we 
showed that the absence of ouabain effect on coronary 
sinus flow, lactate metabolism and electrocardiographic 
evidence of myocardial ischemia during rapid atrial 
pacing applies equally to patients with and without 
impairment of left ventricular function. However, we 
do not know whether results would have been similar 


if we had studied patients with clinical congestive heart 
failure. 

Therapeutic implications: At times, digitalis 
therapy is required for control or prevention of supra- 
ventricular arrhythmias in patients with coronary artery 
disease but without clinical heart failure. Although some 
investigators have warned that digitalis might increase 
myocardial ischemia and result in worsening angina in 
such patients, our studies as well as those of others 
suggest that there is little likelihood that this will occur 
when the drug is used in modest doses. On the other 
hand, in the absence of clinical heart failure, we can find 
no justification from our data for the routine use of 
digitalis in patients with coronary artery disease and a 
reduced ejection fraction. 
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Effects of Digitalis on Normal and Abnormal 
Left Ventricular Segmental Dynamics 


JAY H. KLEIMAN, MD To study the effects of digoxin on regional left ventricular performance, 
EDWIN L. ALDERMAN, MD, FACC continuous ventricular dynamics were assessed in nine patients with — 
-ROBERT H. GOLDMAN, MD, FACC stable coronary disease. Computer-assisted analysis of the fluoroscopic 
. NEIL B. INGELS, Shad u motion of surgically implanted mid wall myocardial markers was used. 
ARD A n E ee The markers define six minor ventricular radii and outline the left ventricle. _ 
ee FU One and one-half hours after administration of 1 mg of intravenous digoxin, 


- With the technical assistance of i , ' pe 
. ANNE SCHWARZKOPF mean velocity of circumferential fiber shortening for all segments in- 





CATHERINE KUSNICK creased 19 percent, from 0.67 + 0.06 to 0.78 + 0.06 circumference/sec 
EE MEA NO (P «0.01) and ejection fraction increased 4.5 percent, from 0.50 + 0.03 
Ws to 0.53 + 0.03 (P <0.05). Segmental velocity of circumferential fiber 
. Stanford, California shortening, total segmental shortening and early segmental systolic 


shortening increased in 83 percent to 91 percent of normal segments, 
depending on which index was used. Only 45 to 55 percent of initially 
abnormal segments benefited from digoxin. In general, segmental dys- 
synergy increased even when net ventricular function was enhanced. 
These results suggest that in patients with chronic left ventricular con- 
traction abnormalities due to coronary disease, deterioration of perfor- 
mance in abnormal regions after administration of digoxin may result from . 
increased stress imposed by increased afterload and by improved seg- - 
mental dynamics in more normal areas. P 





Studies that evaluate the influence of coronary artery disease on ven- — 
tricular response to drugs such as digitalis have generally compared the 
responses of patients with coronary artery disease with results obtained 
from normal persons.!-? Although measures of ventricular function; such — 
as ejection fraction and left ventricular end-diastolic pressure, provide- 

a composite index of ventricular integrity, they do not quantitate the — . 
effects of localized contraction abnormalities on drug response. The — . 
response of regional left ventricular motion to drugs can be analyzed from 

left ventricular angiograms; however, multiple contrast injections are 
rarely performed in drug studies and segmental analysis is limited by 
problems of boundary recognition. We previously published a study 
using myocardial marker measurements of velocity of circumferential — 
fiber shortening and ejection fraction that showed improvement inglobal. 





From the Division of Cardiology and the Depart- left ventricular function after intravenous and oral digoxin adminis- 
: ment of Cardiovascular Surgery, Stanford Uni- tration. This study extends those observations to assess the effects of — 
versity School of Medicine, Stanford, California intravenous digoxin on the performance of individual vantricular seg- 
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3 © RADIOPAQUE MARKERS 
X COMPUTER GENERATED POINTS 


AORTIC 
MARKERS 





FIGURE 1. Distribution of myocardial markers within the left ventricular 
wail as viewed in the 30° right anterior oblique projection. (Modified 
with permission of Ingels et al." and the American Heart Association, 
Inc.) 


|; cavity as seen in the 30? right anterior oblique projection. In 

- addition to the one apical, three anterior and three inferior 
markers, two tantalum clips were fixed to the aorta 3 cm above 
the level of the aortic valve to identify it on subsequent fluo- 
roscopy. The patients gave informed consent at the time in- 
tramyecardial markers were placed and again for this specific 
study. 

Baseline data included a physical examination, an elec- 
~ trocardiogram, and determinations of serum electrolyte and 
. blood urea nitrogen. All patients were free of clinically evident 

congestive heart failure and none was using digitalis. Two were 

receiving diuretic drugs for hypertension, and two patients 

< had mild angina pectoris. Three of the nine patients had 

electrocardiographic evidence of prior infarction and six had 

< segmental wall motion abnormalities on preoperative left 

-. véntrieular angiography (Table I). None of the nine patients 

had evidence of postoperative infarction, and all were free of 

angina. Myocardial markers were positioned in the prescribed 

manner so that areas of infarction and normal and abnormal 
wall motion were tagged. 


TABLE! 


Study Protocol 


Ventricular function was evaluated with fluoroscopic as- 
sessment of the motion of the intramyocardial markers with 
the patient lying in the 30° right anterior oblique projection." 
Recordings were made on a video disc at 30 frames/sec during 
suspended mid inspiration. Particular care was taken to avoid 
Valsalva maneuvers. Prior to fluoroscopic recording, each 
patient rested in the radiographic cradle for a minimum of 10 
minutes or until heart rate and blood pressure were stable. A 
control sequence of four to nine beats was then recorded. After 
recording of control fluoroscopy, 1 mg of digoxin in 2 cc of 
dextrose solution was given intravenously over a period of 15 
minutes. Fluoroscopic measurements were repeated 1.5 hours 
later. No untoward effects of the short-term digoxin admin- 
istration were noted. 


Data Computation and Analysis 


A light-pen computer system was used to digitize the data 
obtained from frame by frame playback of the video disc." 
Dimensional calibration was provided hy fluoroscopy of a 
radiopaque grid placed at an echographically predetermined 
height above the tabletop.” End-diastolic frames were iden- 
tified from the R wave of the electrocardiogram, which was 
superimposed on the video frames at the time of recording. 
Digitized data were transmitted to a CDC-6400 computer 
which provided both numerical outputs and plotted data using 
a CDC-280 microfilm graphic unit. 

Instantaneous left ventricular volumes were calculated 
from the area circurscribed by lines connecting each patient's. 
marker coordinates using the single plane area-length method 
of Sandler and Dodge.® Because a volume of muscle is included 
within the marker silhouette (because of mid wall placement), 
a correction factor previously derived from comparison with 
simultaneous contrast ventriculograms and marker recordings 
was used.!? End-diastolic and end-systolic volumes were de- 
fined as maximums and minimums, respectively, of the left 
ventricular volume. versus time curves for each beat, and 
stroke volume was calculated as the difference between end- 
diastolic and end-systolic volume. Cardiac output and ejection 
fraction were calculated from the end-diastolic, end-systolic 
and stroke volumes. The long axis was computed for each 
frame using the mid point of the aortic valve plane and the 








. Sites of Segmental Abnormality 


Postoperative Marker Analysis: 








Site of Pre-op Location of Segments With 
Ventriculographic Abnormal Baseline Dynamics 
Segmental Major Coronary Total Early 
Case Site of Prior Abnormality Vessels With Shortening? Shortening* 
no. Infarct on ECG* (RAO view) 28096 Stenosis (€«1296) (X196) Vce* (<0.35) 
1 inferior Inferior RCA, LAD Normal Normal Normal 
2 0 Anterior LAD Anterior Anterior Anterior 
3 inferior inferior RCA, LAD inferior inferior inferior 
4 Anterior Anterior AD Anterior Anterior Anterior 
5 0 inferior LAD, LGx Anterior Anterior Anterior 
6 0 inferior LCx, RCA Normal Normal Norrnal 
7 0 0 RCA, LAD Normal Anterior Anterior 
8 0 0 LAD Normal Anterior Anterior 
9 0 0 LAD Normal Anterior Normal 








* inferior = pathologic Q waves in leads Il, IN, avf; anterior = pathologic Q waves in leads V, to Vs. 


* Anterior = segments 2, 4, 6; inferior = segments 1, 3, 5. 
ECG = electrocardiography; LAD = left anterior descending 


coronary artery; LCx = left circumflex coronary artery 


; normal = normal segmental 


index; Pre-op = preoperative; RAO = right anterior oblique; RCA = right coronary artery; Vcr = velocity of circumferential fiber shortening (cir- 


Cumferences/sec). 
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apical marker. The position of the aortic valve plane was es- 
tablished by translation of the aortic marker coordinates 
: based on superimposition of the earliest postoperative fluo- 
roscopic records on the preoperative left ventriculogram. 
: is of segmental wall motion was based on con- 
E struction of six perpendicular transverse radii from the long 
' axis to each of the three anterior and three inferior markers. 
_ Figure 1 shows idealized spacing of three inferior and three 
anterior transverse radii and their designations R1 through 
_ R6, which were used for segment identification in this study. 
"Phe percent shortening of individual radii (S) is the total 
shortening between end-diastole and end-systole divided by 
the end-diastolic chord length. Normal total segmental 
» shortening is equal to, or exceeds, 12 percent based on control 
and post-isoproterenol observations in cardiac transplant 
recipients at the time of postoperative angiography. 
= Velocity of cireumferential fiber shortening (Vcr) was 
computed for each segment by measuring the mean rate of 
"shortening of the transverse radius during the initial 167 msec 
. of systole after the maximal volume frame and then normal- 
izing it using the initial diastolic transverse radius. Global 
- velocity of circumferential fiber shortening for the ventricle 
-was calculated in a similar manner using the mean ventricular 
diameter, that is, using the averaged measurements from six 
-radii and dividing by three. The fact that individual segments 
"terminate inward motion at quite different times led us to use 
^g shortened ejection period for the segmental Vcr calculation 
in order to minimize the effects of heterogeneous onset of 
segmental relaxation. In addition, the use of a fixed time 
during the ejection phase prevents variations in ejection time 
secondary to changes in heart rate from directly affecting the 
Vor computation. Normal values for segmental Vcr are 0.35 
circumference/sec or greater. 
Early systolic shortening (Se) measures the percent 
Shortening of each transverse radial length in the 133 msec 
after the time of maximal volume. Normal segments have 
early shortening equal to or greater than 1 percent. 
Statistical analysis: All values reported are the mean of 
measurements obtained from four to nine cardiac cycles re- 
corded immediately before and 1.5 hours after intravenous 
digoxin administration. Control and post-digoxin measure- 
ments were compared using paired and unpaired t tests, where 
appropriate. The reproducibility of each of the measurements 
- used in this study was established by pooling the standard 
deviations for each patient over a number of different cardiac 
systoles. The pooled standard deviations for measures of 
global left ventricular function are: Vcr 0.07 circumference/ 

"sec, end-diastolic volume 3.8 ml, end-systolic volume 2.5 ml 
and ejection fraction 0.02. The pooled standard deviations for 
measurements of segmental dynamics are: segmental Vcr 0.20 
circumference/sec, segmental total shortening 3.4 percent and 
segmental early shortening 5.0 percent. 





TABLE li 


EFFECTS OF DIGITALIS ON SEGMENTAL DYNAMICS—KLEIMAN ET AL. 


Results 


Overall left ventricular performance: The effects 
of acute administration of 1 mg of intravenous digoxin... 
on overall left ventricular performance are summarized 
in Table II and have previously been reported.® Vep 
increased by 16 percent (P <0.001), ejection fraction by 
6 percent (P <0.05) and systolic pressure by 13 percent. - 
(P «0.01). Heart rate declined from a mean of 69.7 to 
62.8 beats/min (P «0.001) accompanied by an 8.7 per- 
cent decrease in cardiac output. 

Clinieal correlates of abnormal segmental dy- 
namics: Segmental dynamics were evaluated using 
three separate measurements: total shortening, early _ 
shortening and segmental Vcr. Table I lists the sites of 
segmental abnormality according to the following cri- 
teria: (1) Normal total shortening of 12 percent or more; 
(2) normal early shortening of 1 percent or more, and — 
(3) normal segment Vcr of 0.35 or more. 

Table I shows the clinical correlates of abnormal 
segmental dynamics— namely, electrocardiographic — 
sites of prior infarction, distribution of coronary arterial ` 
lesions and location of preoperative segmental abnor- 
malities based on myocardial marker measures and 
ventriculographic assessment of segmental dynamics. 
The site of prior infarction is based on the presence of 
pathologic Q waves in the electrocardiogram and the site 
of ventriculographic abnormalities is based on radio- 
graphic assessment of the right anterior oblique pro- 
jection. The location of infarction by electrocardio- 
graphic criteria and ventriculographic abnormalities 
correlates well with the distribution of coronary vessels 
with lesions in excess of 80 percent luminal stenosis. The 
site of prior muscle damage generally correlates with 
abnormal segmental dynamics. Early shortening and 
segmental Vcr tend to be more sensitive than total 
shortening to subtle abnormalities of segmental dy- 
namics. Thus, most abnormal segments defined by 
these criteria are in locations coincident with electro- 
cardiographic and angiographic sites of prior infarction 
and are located in the distribution of severely stenotic 





-coronary vessels. 


Effects of intravenous digoxin on segmental 
ventricular performance: Table IH summarizes the 
effects of intravenous digoxin on measurements of 
segmental performance. Total segmental shortening 
from end-diastole to end-systole increased 4.5 percent 
and early shortening increased 13.5 percent (both P 


Effect of Intravenous Digoxin on Global Ventricular Performance in Nine Patients* 








Vcr EF EDV 
Control 0.67 + 0.06 0.50 + 0.03 135 € 13 
Digoxin 0.78 + 0.06 0.53 + 0.03 132 + 12 
P value «0.001 «0.05 NS 














BP 
co HR S D 
4.6 i 0.4 69.744 109 + 5.6 6343.2 
4.2 Xi 03 62.845 123 + 6.3 66 +.3.3 
<0.05 <0.001 <0.01 NS 





* Mean of four to nine cardiac cycles per patient. All values given as mean + standard error of the mean. 
BP = blood pressure (mm Hg); CO = cardiac output (liters/min); D = diastolic; EDV = end-diastolic volume (ml); EF = ejection fraction; HR = 
heart rate (beats/min); P = probability; S = systolic; Vor = velocity of circumferential fiber shortening (circumferences/sec). 
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TABLE lil 


Efieci of Intravenous Digoxin on Segmental Performance 
in Nine Patients (no. of segments = 54)* 








Segmental Early 
Shortening Shortening Segmental 
(%) (%) Vor 
Control 19.9 i 16 3.7 0.5 0.63 + 0.06 
Digoxin 20.8 + 1.8 4.2 X 0.6 0.71 + 0.06 
P «0.025 «0.025 «0.005 





* Six segments in each of nine patients: mean of four to nine cardiac 
Cycles: per patient. All values given are mean + standard error of the 
mean. 

P — probability; Voce = velocity of circumferential fiber shortening 
(circumferences/sec). 


«0.025 by paired £ test). Segmental Vcr increased 12.7 
percent (P «0.005). 

To assess baseline function of those segments that 
respond to digoxin as compared with those which do 
not, the results of all three indexes of segmental per- 
formance were used to categorize segments into normal, 
borderline and abnormal categories. Segments that have 
normal values for all three measurements of segmental 
performance were considered normal whereas segments 
having only two of the three measurements normal were 
considered borderline. Segments with more than one 
abnormal measurement were categorized as abnormal. 
Of the 54 segments available for analysis (six segments 
in each of nine patients), 34 had normal baseline func- 
tion, 9 were considered borderline and 11 were classed 
as abnormal, 

Table IV summarizes the relation between baseline 
function and response to intravenous digoxin for all 
three indexes and confirms that beneficial responses to 
digoxin occur more frequently in normal segments than 
in borderline or abnormal segments. Total shortening 
was maintained or improved in 91 percent of normal 
segments (31 of 34) but was maintained or improved in 
only 45 percent of abnormal segments (5 of 11). Simi- 
larly, using segmental Vcr as the criterion, 8 of 13 seg- 
ments (62 percent) showing deterioration in segmental 
performance had abnormal or borderline baseline 

- function. Qualitatively similar results were obtained for 
total and early shortening. 








Illustrative responses of individual segments to 
digoxin: Figures 2 to 4 display examples of the re- 


-sponses of individual segments to intravenous digoxin. 


The single transverse radius having the poorest baseline 
systolic shortening was selected for illustration from 
each of the nine patients. Figure 2 shows the response 
of normal segments in two patients, both of whom 
maintained normal function after intravenous digoxin. 
The pre- and post-digoxin transverse radii are super- 
imposed using the QRS complex as a fiducial marker. 
Heart rate declined after intravenous digoxin, ac- 
counting for the discontinuity in plotting of control data 
just before end-diastole. The small oscillations (aver- 
aging 1 mm excursion or less) were caused by random 
digitizing errors. 

Figure 3 shows the response of segments having 
borderline baseline function and are segments with the 
lowest total shortening in three patients. The transverse 
radius shown in Figure 3C demonstrates early systolic 
lengthening of the transverse radius extending to the 
mid anterior wall segment. After digoxin, the length of 
the transverse radius diminished; however, the early 
systolic bulge (the early paradoxical motion shown by 
the arrow in Fig. 3) is still prominent. Severe left ante- 
rior descending coronary artery stenosis had been 
present in this patient, who had had coronary bypass 
surgery. 

Figure 4 shows the response to digoxin of distinctly 
abnormal transverse radii from four patients. Short- 
ening is either minima! (panels A and B) or frankly 
paradoxical (panels C and D). Both panels C and D 
show slightly more prominent paradoxical motion after 
digoxin, which is reflected in a decline in both total and 
early shortening computed from these transverse 
radii. 

The tendency for heterogeneous segmental re- 
sponses to digoxin is suggested by a plot of two seg- 
ments from the same patient (Fig. 5). Inferior wall 
segment R3 with normal baseline function shows im- 
provement in total shortening and Vcr after digoxin. 
In contrast, the paradoxically moving anterior wall 
segment (R4) in an area of prior infarction shows in- 
creased late systolic paradox after digoxin. Heteroge- 
neous segmerital responses of this type could be iden- 
tified in three patients, and were generally present in 








TABLE IV 
Response of Individual Segments to Intravenous Digoxin (improved or maintained function versus deteriorated” function) 
Segments Velocity cf Total Early 
Type no. Shortening Shortening Shortening 
Normal 34 
improved 29 (8595; 31 (9196 28 (83%) 
Detetiorated 5 (16%) 3 (9%) 6(18%) 
Borderline 9 
improved 6 (6795; 6 (67%} 4 (4495) 
Deteriorated 3 (33%) 3 (3396) 5 (5696) 
Abnormal 11 
improved 6 (5596) 5 (4896) 514595) 
Deteriorated 5 (4596) 6 (5596) 6 (5596) 
P value NS «0.01 «0.02 





* Deterioration is defined as a decline in a segmental index of more than 5 percent from the control value. 
NS - not significant; P value = probability value obtained with chi square analysis. 
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those patients with the greatest disparity between 


normal and abnormal segmental motion. 


Discussion 









- FIGURE 2. eerie radii from two 
"normal segments with superimposition 
| of the control (solid lines) and intra- 
venous digoxin (DIG) (dashed line) 
ength-time plots. The closed squares 
icate the end-diastolic frame. Little. 
«change in numeric. values of. total 
shortening (8) early shortening (Se) or 
segmental velocity (Vor) is noted; and 
this finding is consistent with the virtual 
superimposition of the systolic portions 
of the graphs. Segmental data are 
shown from Cases 6 and 1 (A and B, 
respectively). DIG = digoxin. 








FIGURE 3. Length-time plots for 
transverse radii from three separate 
ventricles, each of which exhibited 
borderline baseline function. The 
arrows in C point out early systolic 
“paradox, which is reflected in the 
abnormal early shortening mea- 
‘surement (Se), whereas both to- 
Atal shortening (S) and segmental 
velocity (Vor) are within the normal 
range. The data shown are from 
Gases 7, B and 9 (A, B and C, re- 
spectively). 


* : Response of diseased versus normal ventricular 
gments to digoxin: Tt is well established that digitalis 
Tts a positive inotropic effect when administered 
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SECONDS 


acutely to the nonfailing heart. ?!! Our data demon- 

strate an acute augmentation of overall left ventricular: 
performance 1.5 hours after intravenous digoxin and are 
in agreement with previously reported findings. 
Although overall ventricular performance, as commonly 
measured by ejection phase indexes, does show im- 


provement, it is of interest to know to what extent 
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FIGURE 4. The response to digoxin 
(DIG) of four abnormal transverse radii. 
Baseline total shortening (S), early 
shortening (S4); and segmental velocity 
(Vee) are abnormal in all cases. Plots © 
and D exhibit distinct paradox by the 
end of systole, which. is slightly ac- 
centuated after intravenous adminis- 
tration of digoxin. The data shown are 
irom Cases 2, 5, 4and 3 (A, B, C and D, 
respectively). 


FIGURE 5. The mid inferior transverse ra- 
dius and mid anterior transverse radius 
from a single patient (Case 4) are plotted 
against time. The inferior wall {Ra} con- 
tracts normally under control conditions, 
whereas. the anterior segment (R4) has 
slight. systolic paradox (negative. total 
shortening —S) and an abnormally low 


. velocity {Ver <0.35). After intravenous 


administration of digoxin {DIG}, the normal 
segment (R4) exhibits" increased total " 
shortening and velocity, whereas the seg- 
ments showing abnormal baseline function 
(R4) exhibit greatly accentuated end-sys- 
tolic paradox, 





damaged segments respond to digitalis as compared 
with normal segments. Although one can compare the 
_-effects of digitalis on the heart in normal patients with 
the responses in patients having cardiac disease, the 
-approach we have taken is to examine the responses of 
normal and diseased segments within the same left 
ventricle. Surgically implanted markers were positioned 
jn a geometric pattern that included both normal seg- 
ments and segments that were partially or severely 
‘scarred by prior myocardial infarction. The small size 
-of the myocardial markers and the use of a fluoroscopic 
recording technique that utilizes a synchronized elec- 
trocardiogram and digital processing techniques per- 
mitted high resolution analysis of regional wall dy- 
namics before and after digoxin. 

Two of the three indexes chosen for assessing seg- 
mental responses to intravenous digoxin are analogous 
to ejection phase indexes used for evaluating the intact 

-ventricle (total systolic segmental shortening is an an- 
zalog of the ejection fraction, and segmental Vcr is an 

analog of total ventricular Vcr). Early shortening was 
developed as an index to quantitate transient paradox 
during the initial portion of systole that was not de- 
tected by measurement of total segmental shortening 
or segmental Vcr. Figure 3 shows an example of an early 
systolic wall motion abnormality that did not result in 
abnormal total shortening. The criteria used to define 
normal segmental indexes are based on analysis of 
segmental motion in cardiac transplant recipients who 
had normal ventriculograms and were free of rejection 
at the time of study. In patients with coronary disease, 
segments from areas relatively unaffected by coronary 
lesions and surgical intervention exhibited similar 
values. 

Reasons for deterioration of segmental perfor- 
mance after digoxin: Although it might be hoped that 
digoxin would exert beneficial inotropic effects most 
prominently in regions of abnormal wall function, the 

‘greatest augmentation of contractility occurred in 
‘segments that demonstrated normal baseline function. 
Deterioration of segmental performance occurred after 
digoxin in approximately 50 percent of segments with 
abnormal baseline function. This observation could be 


. EFFECTS OF DIGITALIS ON SEGMENTAL DYNAMICS—KLEIMAN ET AL. 


explained by increased afterload due to the small but 
significant increase in systolic blood pressure that re- 
sulted from digoxin administration and could contrib- 
ute to segmental deterioration. An alternative possi- 
bility is that segments with impaired baseline function 
are less able to sustain the increased wall tension re- 
sulting from increased contractility of normal myocar- 
dial segments induced by digitalis. Hodges et al.!? sug- 
gested that the failure of abnormal segments to respond 
to digoxin partially explained the lack of responsiveness 
to digitalis in patients after myocardial infarction. 

Our data are consistent with those of a prior animal 
study reported by Banka et al.!5 in which acute ischemia 
was carried beyond the point of reversibility (more than 
45 minutes after coronary occlusion). These investiga-. 
tors showed that digoxin had no effect on the segments 
exposed to prolonged ischemia, whereas normal non- 
ischemic segments benefited from digoxin. However, — 
it should be noted that abnormal baseline segmental | 
function in our study was usually the result of prior scar .. 
formation rather than the result of ischemia because no 
patient had angina at the time of study. 


Clinical implications: Our results suggest that, in- 


patients with coronary artery disease who do not have 
congestive heart failure, segmental responses to digoxin 
are complex and variable, even though net augmenta- 
tion in overall ventricular performance can be demon- 
strated.9 They indicate that the response of individual 
segments to digoxin depends on the amount of viable 
nonischemic muscle in the ventricular wall.!* Intraop- 
erative ventricular biopsy techniques confirm that the 
degree of scarring and fibrosis within the myocardial 
wall correlates with segmental contractility assessed 
angiographically as well as with the presence of patho- 
logic Q waves.!? The spectrum of segmental responses 
to digoxin that we observed seems to be the result of the 
heterogeneous composition of myocardial wall seg- 
ments. Our results suggest that, in ventricles with prior 
scarring, administration of digoxin results in greater 
heterogeneity and asyneresis of myocardial segment 
performance due to further deterioration of function in 
some segments, although global left ventricular function 
is improved. 
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Isosorbide dinitrate is an effective vasodilator that improves resting left 
ventricular performance in patients with congestive heart failure, but little - 
is known of the effect of the drug on the response to exercise. Bicycle 

exercise to symptomatic maximum was performed by 18 patients with 
class Il to IV congestive heart failure before and 90 minutes after admin- 
istration of isosorbide dinitrate, 40 mg orally. Although resting pulmonary 

wedge pressure and systemic vascular resistance were significantly re- 

duced after isosorbide dinitrate, exercise duration was not altered and 

maximal oxygen consumption was not significantly changed (13.6 + 1[3 .— 
[SEM] standard error of the mean versus 13.8 + 1.2 ml/kg per min). At 
peak exercise pulmonary wedge pressure of 37.1 + 1.7 mm Hg, cardiac 
index of 4.19 + 0.35 liters/min per m?, and systemic vascular resistance 
of 14.7 + 1.3 units were not significantly different after nitrate adminis- 
tration. However, at submaximal loads, pulmonary wedge pressure was 
reduced from 33.6 + 1.7 to 27.9 + 1.8 mm Hg (P <0.01), and systemic __ 
resistance from 16.5 + 1.5 to 13.7 + 1.0 units (P <0.01) after adminis- 
tration of isosorbide dinitrate. Thus, short-term administration of nitrates - 

does not improve maximal exercise capacity or left ventricular perfor- 
mance at maximal exercise in patients with congestive heart failure, but 
it does appear to improve pump function at submaximal work loads and 
may therefore enable patients to perform limited exercise more com- 
fortably. 


Nitrates are effective vasodilators that improve resting left ventricular 
performance in patients with left ventricular failure and are being widely = 
used in the long-term management of chronic heart failure.'-9? Although 
patients with congestive heart failure are symptomatic especially during 
exertion, the effects of nitrates on exercise capacity and exercise he- 
modynamics have not been well defined in such patients. 

Patients with congestive heart failure are limited in their ability to 
exercise because of dyspnea from elevated pulmonary capillary pressure 
or because of fatigue from inadequate cardiac output.’ Because nitrates 
consistently decrease pulmonary capillary pressure and usually increase 
reduced cardiac output at rest, these same effects, if maintained during 
exertion, could increase exercise capacity.! We® have recently observed 
that long-term nitrate therapy increases treadmill exercise time in pa- 
tients with congestive cardiomyopathy. It has also recently been re- 
ported? that acute nitrate administration modestly improves exercise 
capacity and hemodynamics in patients with valve insufficiency. How- 
ever, the uniquely beneficial effect of vasodilator therapy in patients with. 
regurgitant valve lesions might have contributed to this response. 1! 
The present study was therefore carried out to assess the immediate 
effects of isosorbide dinitrate on exercise capacity and hemodynamics 
in patients with left ventricular failure due to myocardial disease. 
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Methods 


Patients: Studies were performed in 18 patients with class 
H to IV congestive heart failure (according to New York Heart 
Association criteria!?). Their age averaged 59 + 1.4 (mean + 
standard error of the mean) years (range 46 to 70 years). The 
cause of congestive heart failure was ischemic cardiomyopathy 
in 13 patients and primary cardiomyopathy in 5. 

Ischemic cardiomyopathy was diagnosed on the basis of 
a history of documented acute myocardial infarction, a history 
of typical angina pectoris in the past or arteriographic evi- 
dence of obstructive coronary artery disease. Primary car- 
diomyopathy was diagnosed when no other cause for conges- 
tive heart failure was apparent. Patients were selected for 
study because they were limited by symptoms of shortness of 
breath or fatigue on exertion. Patients with angina were ex- 
cluded as well as those with primary lung disease, acute 
myocardial infarction within the previous 4 months or inter- 
mittent claudication. All patients had been receiving main- 
tenance doses of digitalis and diuretic drugs before study. Six 
patients had previously been taking some form of vasodilator 
therapy for congestive heart failure. 

On the day of study, after written informed consent had 
been obtained, the patients were taken to an exercise labo- 
ratory located in an air-conditioned room with constantly 
maintained temperature and humidity. All patients were 
studied in the postabsorptive state at least 2 hours after in- 
gestion of any food. Previous vasodilator therapy was stopped 
48 hours before study, and diuretic drugs were withheld for 
at least 12 hours before study. Maintenance digitalis doses 
were continued. 

Hemodynamic measurements: Swan-Ganz catheteriza- 
tion was performed pereutaneously by way of an antecubital 
or femoral vein and the catheter was advanced under pressure 
monitoring to the pulmonary artery for monitoring of pul- 
monary arterial pressures. The pressure transducer was po- 
sitioned at the intersection of a line drawn transversely 
through the angle of Louis and the mid axillary line with the 
patient supine. This same transducer position was used with 
the patient in the sitting position. In any given patient the 
value for pulmonary wedge pressure was taken from that for 
either arterial diastolic or pulmonary arterial occluded pres- 
sure, and these pressures were not interchanged in the same 
patient. The heart rate and electrocardiogram were monitored 
from a standard V5 lead, and blood pressure was measured 
with the cuff technique. Expired air was collected and passed 
in series through a Parkinson-Cowan dry gas meter, a Beck- 


TABLE ! 


Effects of isosorbide Dinilrate on Supine Resting 
Hemodynamics in Patients with Congestive Heart Failure* 








Isosorbide 
Control Dinitrate P 
Number of patients 18 18 
Heart rate (beats/min) 82.0 + 2.6 78.5 + 22 NS 
Mean arterial pressure 86.7 + 2.6 80.3 + 3.0) <0.01 
(mm Hg) 
Pulmonary wedge pressure 24.34 1.8 15.7416  «0.00t 
(mm Hg) 
Cardiac index (liters/min 2.10 0.17 2.16 0.11 NS 
per m?) 
Systernic vascular resis- 24.3 x 1.6 21.131 t.4 «0.05 
tance (units) 





* Values shown are group means + standard error of the means. 
NS = not significant; P = probability. 


man LB2 carbon dioxide analyzer, and a Beckman OM14 
oxygen analyzer, whose outputs were displayed on a Beckman 
RR2 recorder. Thus oxygen consumption and carbon dioxide 
production were monitored continuously on line. Cardiac 
output was measured using the carbon dioxide rebreathing 
method, which has previously been validated at rest and 
during exercise in normal subjects as well as in patients with 
congestive heart failure. t14 Details of this totally noninvasive, 
indirect Fick procedure have previously been described.!5 

Exercise protocol: Measurements were made during su- 
pine and sitting rest. Exercise was then performed on a Mo- 
nark bicycle ergometer beginning at 150 kilopond-meters per 
minute (kpm/min) and increasing the work load by 150 
kpm/min every 4 minutes until the patient's symptomatic 
maximum was reached. Áchievement of maximal aerobic 
exercise was verified by a significant increase in the respiratory 
exchange ratio, whieh correlates with the onset of lactate 
production.!9.!7 All patients were limited by dyspnea or fatigue 
and no patient stopped because of angina, arrhythmia or 
electrocardiographic changes. 

After completion of the control exercise test, and when 
supine heart rate, blood pressure and pulmonary wedge 
pressure had recovered to baseline levels, patients were given 
isosorbide dinitrate. 40 mg, by mouth. Supine, sitting and 
exercise measurements were repeated 90 minutes later. This 
time period was chosen on the basis of our previous findings!? 
that the peak hemodynamic effects of oral isosorbide dinitrate 
occur within 1 hour and persist unchanged for 2 hours in pa- 
tients with congestive heart failure. Exercise hemodynamic 
measurements were made during the final minute of each 
work load. 

Mean arterial pressure was calculated as diastolic arterial 
pressure plus one third the pulse pressure. Systemic vascular 
resistance was calculated as mean arterial pressure divided 
by cardiac output. Statistical analysis was performed 
employing Student's paired t-test. 


Results 


Resting hemodynamics: Changes in supine resting 
hemodynamics after isosorbide dinitrate are summa- 
rized in Table I. The decreases in pulmonary wedge 
pressure and mean arterial blood pressure, along with 
a slight increase in cardiac index, were those usually 
observed after nitrate administration in congestive 
heart failure. Systemic vascular resistance was signifi- 
cantly reduced in this group of patients, thus indicating 
an arterial dilating effect of the nitrates. 

-Effects of iscsorbide dinitrate on maximal ex- 
ercise capacity and hemodynamics at maximal 
exercise: Because the peak work load achieved varied : 
among patients, the values reported in Table H repre- 
sent those recordad at the individual maximum attained 
by any given patient..Only two patients exercised to 
different loads (both higher) after isosorbide dinitrate, 
but their maximal oxygen consumption at these higher 
loads was not increased after treatment. Cardiac index 
was not measurable in one patient who could not exer- 
cise long enough at maximum to permit satisfactory 
measurement of cardiac output, and blood pressure was 
inaudible during exercise in one patient because of 
previous bilateral brachial arterial obstructions. Exer-. 
cise capacity, expressed as either duration of exercise 
or maximal oxygen consumption achieved, was not 
significantly altered by isosorbide dinitrate. The drug 
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also had no significant effect on cardiac index, heart 
rate, pulmonary wedge pressure or mean arterial pres- 
: sure at maximal exercise. 
oc When exercise capacity was analyzed in groups of 
- patients according to clinical class of symptoms or 
etiology of heart failure, there were no significant dif- 
- ferences observed after nitrate administration in any 
subgroup. In four patients with class II heart failure, 
. maximal oxygen consumption achieved averaged 20.8 
< x 2.5 ml/kg per min before and 19.6 + 1.6 after isosor- 
- bide dinitrate. In 10 patients with class HI heart failure 
the values were 12.6 + 1.1 ml/kg per min before and 13.3 
+ 1.2 after nitrate administration, and in patients with 
class IV heart failure values were 9.2 + 1.2 ml/kg per min 
before and 9.0 + 1.3 after nitrate administration. In the 
13 patients with ischemic disease the maximal oxygen 
consumption achieved averaged 13.0 + 1.6 ml/kg per 
min before isosorbide dinitrate and 13.5 + 1.5 after. The 
.. five patients with primary cardiomyopathy averaged 
. 153 x 1.9 ml/kg per min before and 14.5 + 1.9 after drug 
. administration. 
_ Effects of isosorbide dinitrate during submaxi- 
z mal exercise: Although isosorbide dinitrate failed to 
-alter hemodynamic variables at maximal exercise, it had 
significant effects during submaximal work. Oxygen 
consumption was unchanged at any given exercise load 
- after nitrate administration (Fig. 1). Because 16 of the 
18 patients were able to perform more than the first 
exercise load, the data for these 16 patients were ana- 
lyzed at their individual maximal and submaximal load 
levels. Submaximal values were taken at the next to 
highest work load achieved. Heart rate and cardiac 
index were not significantly different any time after 
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isosorbide dinitrate, whereas mean arterial pressure was 
significantly reduced at sitting rest, but not during ex- 
ercise after nitrate administration (Fig. 2). Pulmonary 
wedge pressure after administration of isosorbide di- 
nitrate was reduced at sitting rest from 22.8 + 2.5 to 14.2 
+ 1.7 mm Hg (P «0.001) as well as during submaximal 
exercise (33.6 + 1.7 versus 27.9 + 1.8 mm Hg, P «0.01), 
but at maximal exercise the difference was also not 
significant in this subgroup of patients (Fig. 3). Al- 
though the values for blood pressure and cardiac index 
were not statistically significantly different after nitrate 
administration, the former tended to be lower and the © 
latter, higher, so that there was a significant reduction 
in systemic vascular resistance at sitting rest (33.8 - 2.6 
versus 30.1 + 2.4 units, P «0.02) and during submasi- 
mal exercise (16.5 + 1.5 versus 13.7 + 1.0 units, P <0.01) 
in this subgroup; however, the difference in systemic 
vascular resistance at maximal exercise was not signif- 
icant after administration of isosorbide dinitrate (Fig. 
3). 

Orthostatic symptoms were observed in two patients 
(Cases 10 and 16) after nitrate administration. Both 
patients experienced lightheadedness in the sitting 
position, but the symptoms were transient and exercise 
was completed without difficulty. One patient was 
subsequently given intravenous fluids. 

Role of reduced systemic vascular resistance at 
rest: The lack of significant effects of nitrates at peak 
exercise levels might be due to the fact that nitrates are 
thought to be predominant venodilators and to have less 
effect on arteriolar resistance. We therefore analyzed 
separately the data for patients who demonstrated a 
reduction in systemic vascular resistance at supine rest. - 


























TABLE H 
Effects of Isosorbide Dinitrate on Maximal Exercise Capacity and Hemodynamics at Maximal Exercise in Patients With 
Congestive Heart Failure 
Total Mean Pulmonary Cardiac Systemic 
Duration of Oxygen Heart Arterial Wedge index Vascular 
Exercise Consumption Rate Pressure Pressure (liters/min Resistance 
Case (min) {ml/kg per min) (beats/min) (mm Hg) (mm Hg) per m?) (units) 
No. C is C is C is C is C IS "C is ES is 
1 19.4 20.0 24.8 244 149 138 106 93 35 18 4.83 §.14 11 9 
2 14.8 14.0 23.9 17.6 125 125 99 97 50 35 6.09 6.06 9 9 
3 7.0 6.8 9.4 14.7 127 113 87 92 31 32 id uet "T ns 
4 4.0 4.0 8.6 8.2 134 150 129 130 46 44 3.03 2.66 24 27 
5 9.8 10.5 13.7 17.5 158 167 in sin 36 40 4.77 5.15 -— $us 
6 7.2 7.2 13.0 11.4 160 111 75 71 38 40 2.87 2.99 15 
7 6.5 7.0 12.6 12.9 135 125 108 107 49 40 4.74 5.08 11 
8 7.5 7.2 17.7 15.4 136 136 92 87 37 40 2.94 3.15 18 
9 40 6.0 7.2 7.9 108 108 97 98 35 37 3.02 3.83 16 
10 6.1 6.7 10.9 13.3 130 136 105 103 35 29 3.01 4.31 21 
11 19.5 18.7 20.8 18.8 195 192 120 118 30 27 7.25 5.41 8 
12 7.5 7.3 8.7 8.8 107 103 85 85 36 32 3.24 3.55 14 
13 9.7 9.5 14.4 18.9 126 128 104 100 28 30 6.50 8.32 9 
14 7.8 8.0 115 11.2 122 122 91 106 32 31 3.97 4.28 12 
15 9.6 8.8 12.6 11.6 180 118 105 103 46 39 3.48 3.34 14 
16 11.9 10.8 18.8 19.6 125 112 94 96 25 20 5.44 5.52 10 
17 4.0 49 9.5 7.6 134 146 105 102 38 48 3.05 3.28 20 
18 1.5 1.8 7.5 7.7 104 102 115 106 40 48 2.93 3.52 23 
Mean 8.8 8.8 13.6 13.8 130.3 129.6 101.0 99.6 37.1 35.0 4.19 4.45 14.7 
SE! 1.2 1.1 13 1.2 5.2 5.5 3.2 3.2 17 2.0 0.35 0.35 313 - 
P NS NS NS NS NS NS NS 





C = control; IS = isosorbide dinitrate; NS = not significant; P = probability; SEM = standard error of the mean. 
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FIGURE 1. Effect of isosorbide dinitrate on oxygen consumption during 
exercise in patients with congestive heart failure. Mean values and 
standard emor of the mean are plotted. No. of patients — 18 at 0 and 
150 kilopond-meters per minute (kpm/min), 16 at 300 kpm/min and 
7 at 450 kpm/min. 


In this subgroup of 13 “geod responders" the systemic 
vascular resistance decreased by 6.5 + 1.0 units (P 
«0.001). At maximal exercise after nitrate adminis- 
tration, cardiac index in this group was increased 
insignificantly by 0.24 + 0.24 liters/min per m?, and 
pulmonary wedge pressure was reduced insignificantly 
by 1.3 + 1.9 mm Hg. Exercise duration was insignifi- 
cantly changed by 0.2 + 0.2 minute and maximal oxygen 
consumption achieved was also insignificantly changed 
by 0.1 + 0.8 ml/kg per min. 

It is unlikely that these above results were influenced 
by patients not achieving aerobic exercise limits on both 
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tests. That aerobic limits were achieved is suggested by 
the observation that the respiratory exchange ratio in- 
creased by 0.15 + 0.03 (P <0.001) during the first ex- 
ercise test and by 0.16 + 0.03 (P <0.001) on the second 
test after nitrate administration. 


Discussion 


Our patients with congestive heart failure were sig- 
nificantly limited in their ability to exercise and could 
achieve a maximal oxygen consumption of only about 
14 ml/kg per min. This result is similar to that reported 
by other investigators,!? who found that patients with 
symptomatic heart failure could perform treadmill ex- 
ercise usually only to oxygen consumption levels below 
16 ml/kg per min. The cause of exercise limitation was 
probably related to the increase in pulmonary wedge 
pressure above 35 mm Hg and the failure of cardiac 
index to increase much above 4 liters/min per m?. In 
normal subjects or patients with ischemic heart disease 
but without congestive heart failure, pulmonary wedge 
pressure increases slightly but usually does not exceed 
20 mm Hg during upright. bicycle exercise, whereas 
cardiac index may reach 7 liters/min per m? or more.???! 
Because nitrates consistently decrease pulmonary 
wedge pressure and raise low cardiac output in patients 
with left ventricular failure, it was reasonable to pos- 
iulate a beneficial effect of nitrates in our patients 
whose baseline cardiac index averaged just over 2 li- 
ters/min per m? with an average pulmonary wedge 
pressure of 24 mm Hg. Although the expected im- 
provement in resting hemodynamics occurred in our 
patients after administration of isosorbide dinitrate, the 
hemodynamic effects were not apparent at high work 
levels, and maximal exercise capacity was not increased. 
Of course, in those patients in whom the value for pul- 
monary arterial diastolic pressure was used to determine 
pulmonary wedge pressure, we have assumed that this 
remains equal to pulmonary wedge pressure during 
exercise as well as at rest. Little is known about this 
relation during exercise and rapid heart rates, but the 
values we observed were similar to those reported for 


ISOSORBIDE DINITRATE 
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FIGURE 2. Effect of isosorbide di- 
nitrate on heart rate, blood pres- 
sure, and cardiac index during ex- 
ercise in 16 patients with conges- 
tive heart failure. Mean values t 
standard. error of the mean are 
plotted. L = liters; M = maximaf 
exercise; p = probability; R = sitt- 
ing rest; SM = submaximal exer- 
cise (next to highest work load). 
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left ventricular end-diastolic pressure during exercise 
in patients with heart disease.?! 

Mechanism of lack of effect of nitrates on maxi- 
mal exercise capacity: The lack of acute effects of 


nitrates on exercise capacity in the present study could 


be due to several mechanisms. Although it is presumed 
that left ventricular outflow resistance decreases during 


. exercise as the result of arteriolar dilation in exercising 
-Skeletal muscle, which is more pronounced at high ex- 
ercise levels,’ vasodilators may not augment this exer- 


cise-induced arteriolar dilation at high exercise loads. 
Our results are consistent with this hypothesis in that 
systemic vascular resistance was reduced at submaximal 
work loads, but not at maximal exercise after nitrate 
administration. Another possible explanation for our 
results is that the nitrates, which are predominant 
venodilators, had little arterial dilating effect. This 
seems unlikely because our group as a whole experi- 
enced a significant reduction in supine resting systemic 


- vascular resistance after administration of isosorbide 


dinitrate, and separate analysis of the “good respond- 
ers" in terms of decreased systemic vascular resistance, 
also failed to show any significant effect of nitrates at 
maximal exercise. Furthermore, when an arteriolar di- 
lator such as hydralazine is added to the nitrate, our 
preliminary experience suggests that peak exercise ca- 
pacity and hemodynamics are still not altered acutely.?? 
It is also possible that patients with heart failure do not 
respond normally to vasodilator drugs because their 
responses to other vasodilator stimuli are impaired.?? 
Our results could also have been influenced by a failure 
of patients to exercise to the same limit on each test, but 
this seems unlikely because the ventilatory exchange 
ratio rose significantly during both tests indicating at- 
tainment of aerobic limits.!9.17 

Finally, a control group of patients given placebo 
rather than isosorbide dinitrate might have strength- 
ened the study design by including the effects of a sec- 


. ond exercise test without active interventions. This was 


* 





not done because in our preliminary experience a similar 
group of patients performing the same test before and 
after placebo failed to show any significant differences 
in exercise capacity or hemodynamics.?? One might 
expect a second test to result in better exereise perfor- 
mance as the patient becomes more familiar and secure 
with the procedure, but we observed no differences in 
the present study and therefore believe that the lack of 
a placebo group does not significantly affect interpre- 
tation of our results. 

Significance of improved hemodynamics at 
submaximal work loads: Although maximal exercise 
was not altered by nitrates in the present study, sig- 
nificant hemodynamic effects of isosorbide dinitrate 
were observed at submaximal work loads. Systemic 
vascular resistance was lower while cardiac index was 
maintained at a reduced left ventricular filling pressure 
(pulmonary wedge pressure), indicating an improve- 
ment in left ventricular performance. These effects may 
be more important than those: at maximal exercise be- 
cause patients with congestive heart failure rarely ex- 
ercise at maximal levels. However, vasodilation may 
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FIGURE 3. Effect of isosorbide dinitrate on pulmonary wedge pressure 
and systemic vascular resistance during exercise in 16 patients with 
congestive heart failure. Mean values + standard error of the mean ate = 
plotted. M = maximal exercise; p = probability; R = sitting rest; SM 

7 submaximal exercise (next to highest work load). 


enable them to exercise at lower levels with fewer 
symptoms. In our study the duration of submaximal 
exercise was brief and the patients were unable to 
communicate well with the mouthpiece in place so that 
we could not accurately assess symptoms during these 
smaller work loads. However, clinical experience with 
nitrates and other vasodilators is consistent with 
symptomatic improvement during limited exercise 
because various authors?-8 have reported an improve- 
ment in classification of symptoms by the New York 
Heart Association criteria, which are based on tolerance 
for exertion during vasodilator therapy. 

Clinical implications: Our results must be inter- 
preted very cautiously because this study was intended 
only to observe the immediate effects of the first dose 
of isosorbide dinitrate. Although this vasodilator under 
these conditions exerted no significant effects on max- 
imal exercise capacity or hemodynamics at peak exer- 
cise, preliminary experiences in small numbers of pa- 
tients suggest that nitrates and other vasodilators ad- 
ministered for long periods can improve maximal ex- 
ercise capacity.* 68 The beneficial effects observed at 
lower work loads after single dose nitrate administration 
may be important in improving exertional symptoms 
in patients with congestive heart failure. Further studies 
of vasodilators are needed to assess the efficacy of these 
agents in chronic congestive heart failure. The present 
study suggests that exercise testing should be a vital 
part of all such studies. 
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Please see brief summary of prescribing information on adjoining page. 
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Give your patients 


the KLORVESS sparkle 
Klorvess? Effervescent Granules and 
Klorvess® (potassium chloride) 10% Liquid 


Brief summary of prescribing information 


DESCRIPTION: Klorvess Effervescent Granules: Each packet 
(2.8 gj contains 20 mEq each of potassium and chloride supplied 
by potassium chloride 1.125 g, potassium bicarbonate 0.5 g, 
L-lysine monohydrochioride 0.913 g in a sodium-, sugar- and car- 
bohydrate-freeeffervescentformulation. Dissolutionofthe packet 
contents in water provides the potassium and chloride available 
for oral ingestion as potassium chloride, potassium bicarbonate, 
potassium citrate and L-lysine monohydrochloride. 


Klorvess (potassium chloride) 10% Liquid: Each tablespoonful 
(15 mi) contains 20 mEq of potassium chloride (provided by 
potassium chloride 1.5 g) in a palatable, cherry-with-pit flavored 
vehicle, alcohol 1%. 


INDICATIONS: For the prevention and treatment of potassium 
depletion and hypokalemic-hypochloremic alkalosis. Deficits of 
body potassium and chloride can occur as a consequence of 
therapy with potent diuretic agents and adrenal corticosteroids. 


CONTRAINDICATIONS: Severe renal impairment characterized 
by azotemia or oliguria, untreated Addison's disease, Familial 
Periodic Paralysis, acute dehydration, heat cramps, patients re- 
ceiving aldosterone-inhibiting or potassium-sparing diuretic 
agents, or hyperkalemia from any cause. 

PRECAUTIONS: In response to arise in the concentration of body 
potassium, renal excretion of the ion is increased. In the presence 
of normai renal function and hydration, it is difficult to produce 
potassium intoxication by oral potassium salt supplements. Since 
the extent of potassium deficiency cannot be accurately deter- 
mined, it is prudent to proceed cautiously in undertaking potas- 
sium replacement. Periodic evaluations of the patient's clinical 
status, serum electrolytes and the EKG should be carried out 
when replacement therapy is undertaken. This is particularly 
important in patients with cardiac disease and those patients 
receiving digitalis. High serum concentrations of potassium may 
cause death through cardiac depression, arrhythmia or cardiac 
arrest. To minimize gastrointestinal irritation associated with po- 
tassium chloride preparations, patients should dissolve the pack- 
et contents of Klorvess Effervescent Granules in 3 to 4 ounces 
of cold water, fruit juice or other liquid or dilute each tablespoon- 
ful of Kiorvess (potassium chloride) 10% Liquid in 3to 4 ounces 
of cold water. Both of these solutions should be ingested slowly 
with or immediately after meals. 


ADVERSE REACTIONS: Abdominal discomfort, diarrhea, nausea 
and vomiting may occur with the use of potassium salts. The 
symptoms and signs of potassium intoxication include paresthe- 
sias, heaviness, muscle weakness and flaccid paralysis of the 
extremities. Potassium intoxication can produce listlessness, 
mental confusion, a fall in blood pressure, shock, cardiac arrhyth- 
mias, heart block and cardiac arrest. The EKG picture of hyper- 
kalemia is characterized by the early appearance of tali, peaked 
T waves. The R wave is-decreased in amplitude and the S wave 
deepens; the ORS complex widens progressively. The P wave 
widens and decreases in amplitude until it disappears. Occasion- 
alty, an apparent elevation of the RS-T junction and a cove piane 
RS-T segment and T wave will be noted in AVL. 

DOSAGE AND ADMINISTRATION: Klorvess Effervescent 
Granules: Adults— One packet completely dissolved 2 to 4 times 
daily depending upon the requirements of the patient. 

Klorvess (potassium chioride) 10% Liquid: Adults—One table- 
spoonful (15 ml) completely diluted in cold water 2 to 4 times 
daily depending upon the requirements of the patient. 


Both of these solutions should be ingested slowly with meals or 
immediately after eating. 

OVERDOSAGE: Potassium intoxication may result from over- 
dosage of potassium or from therapeutic dosage in conditions 
stated under "Contraindications" Hyperkalemia, when detected, 
must be treated immediately because lethal levels can be 
reached in a few hours. In digitalized patients too rapid a lowering 
of plasma potassium concentration can cause digitalis toxicity. 
HOW SUPPLIED: Klorvess Effervescent Granules— packages of 
30 packets (2.8 g each). Klorvess (potassium chloride) 10% Liquid 
(dark red) —àas a cherry-with-pit flavored liquid in pint and gallon 
bottles. Klorvess Effervescent Granules and Liquid are also avail- 
able in institutional packaging as follows: Klorvess Effervescent 
Granules—packages of 1000 packets; Klorvess Liquid—36 (3 x 
12) x 4 oz Unit-of-Use bottles and 100 (4 x 25) x 15 mi Unit- 
Dose bottles. 

(For complete details, please consult full prescribing information) 


Dorsey 


Division of Sandoz, Inc. 
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Save 950 hours/yr* 
using an 

ECHO-COMP 

for: 
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M-MODE ECHO REAL TIME ECHO 




















CINEANGIOGRAPHY HEMODYNAMICS 


FEATURES INCLUDE: 


£ Over 125 calculations with FORMAL REPORT. 
L3 Adult and pediatric NORMAL VALUES printed. 
C] User selected CLINICAL IMPRESSIONS. 
LJ Standard INTERFACE to larger computer. 


O Direct DATA ENTRY from video monitors or 
film viewers. 
















Priced for the physician in private 
practice, the ECHO-COMP will pay for 
itself in one year. 








For a demonstration and further information 
call toli free 1-800-231-3490 x 383 or write 








DIGISONICS 


3701 KIRBY DRIVE 
HOUSTON, TEXAS 77098 








*Based on 8 studies/day, 20 minutes calculation time and 10 min- 
utes secretarial time without ECHO-COMP 









e Heplacemaker. 


It picks up where the 
others left off. 


At replacement time, your patient's primary concern, as yours, is reliability. 
You need a proven performer...and that's the ARCOlith series. It's long 
lasting. Our present circuitry and battery have been in clinical use since 
1974. No premature battery failures have ever been reported. And that’s a 
fact - NEVER. Our overall average monthly failure rate is only .022%.* 
Now that's reliability! 


So when you're looking for the replacement pacemaker - look to the 
ARCOlith Replacemaker. These ARCOlith pulse generators are available 
with warranty periods from 3 to 12 years. A lifetime replacement policy is 
optional, at an additional cost, on models ARCOlith 7 and ARCOlith 12. 


All pulse generators are not the same: we give you the reliability you need 
— and that makes all the difference in the world. At ARCO Medical 
Products Company, reliability is a fact. In a total of 57 months of clinical 
experience on the ARCOlith series, the overall actual cumulative survival is 
99.3925. * 


Let us share our proven experience and long term reliability with you...at 
replacement time or anytime. 


ARCO Medical Products Company <> 


Subsidiary of AtlanticRichfieldCompany 


Operations 

P.O. Box 546 

Leechburg, PA 15656 

(412) 845-8111 
*From the ARCO Medical Products Company Reliability 
onta Q Q ales representative fo rthe 





Highly effective for many 
; from two. 
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ALDORIL 


from the 
cardiovascular 
viewpoint 


L] A favorable cardiac profile: neither component 
of ALDORIL usually has any direct effect on cardiac 
function— in long-term therapy cardiac output is 
usually maintained. 

[] Control of sodium and fluid retention: ALDORIL 
often helps control fluid imbalance, particu- 
larly in those cases of hypertensive vascular 
disease where sodium and water retention 
is a problem. 


















As a fixed combination, ALDORIL is not 
indicated for initial therapy since hyper- 
tension requires therapy titrated to the 
individual patient. If an available 
strength of ALDORIL meets the patient's 
titrated needs, the combination drug 
may be more convenient in patient 
management. Therapy should be 
reevaluated as necessary. 


ALDORIL is contraindicated in active 
hepatic disease; anuria; hypersensitivity 
to methyldopa or to hydrochloro- 
thiazide or other sulfonamide-derived 
drugs; if previous methyldopa therapy 
has been associated with liver 
disorders. In patients with renal 
disease, thiazides may precipitate 
azotemia. Use with caution in 
patients with severe renal disease 
or impaired hepatic function. 

It is important to recognize that a 
positive Coombs test, hemolytic 
anemia, and liver disorders may 
occur with methyldopa therapy. 

The rare occurrences of hemolytic 
anemia or liver disorders could lead 
to potentially fatal complications 
unless properly recognized and managed. 
For more details, see the brief summary 
of prescribing information. 
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ALDORIL 


from the 
practical 
view point 


Highly effective complementary agents: 
HydroDIURIL® (Hydrochlorothiazide, MSD), and 
ALDOMET® (Methyldopa, MSD), two well-accepted 
antihypertensives which usually maintain blood 
pressure control throughout the day. 

Greater dosage convenience (with a single tablet): 
a b.i.d. regimen is possible for many patients. 
Effect on daily activities usually minimal: there is 
less frequent symptomatic postural hypotension 
with ALDORIL than with many other antihyperten- 
sive agents. Exercise hypotension and diurnal 
blood pressure variations rarely occur. 


ALDORIL 


containing methyldopa and hydrochlorothiazide 


TABLETS 


ALDORIL D50 


containing 500 mg ALDOMET® (Methyldopa, MSD) 
and 50 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 


TABLETS 


ALDORIL D30 


containing 500 mg ALDOMET® (Methyldopa, MSD) 
and 30 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 


TABLETS 

ALDORIL®-25 containing 250 mg ALDOMET® (Methyldopa, MSD) 
and 25 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 

TABLETS 

ALDORIL* -15 containing 250 mg ALDOMET® (Methyldopa, MSD) 
and 15 mg HydroDIURII® (Hydrochlorothiazide, MSD) 


MSD 
For a brief summary of prescribing information, BEA 
please see following page. HM 


Antihypertensive TABLETS j Antihypertensive TABLETS 
ALDORIL® D50 ALDORIL* D30 
methyldopa 500 mg and methyldopa 500 mg and 


hydrochlorothiazide 50 mg hydrochiorothiazide 30 mg 
















WARNING — 
This fixed combination drug is not indicated for initial therapy of hypertension. | 
Hypertension requires therapy titrated to the individual patient. If the fixed com- | 
bination represents the dosage so determined, its use may be more convenientin : 
patient management. The treatment of hypertension is not static, but mustbere- | 
evaluated as conditions in each patient warrant. ; 


Contraindications: Active hepatic disease, such as acute hepatitis and active cir- 
rhosis; if previous methyldopa therapy has been associated with liver disorders (see 
burden ud ; anuria; routine use in an otherwise healthy pregnant woman with or with- 
out mild edema; hypersensitivity ta methyldopa or to hydrochlorothiazide or other 
sulfonamide-derived drugs. 

Warnings: METHYLDOPÀ — it is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur with methyldopa therapy. 
The rare occurrences of hemolytic anemia or liver disorders could lead to po- 
tentially fatal complications unless properly recognized and managed. Read 
this section carefully to understand these reactions. 

With prolonged methyldopa therapy, 10% to 20% of parents develop a positive direct 
Coombs test, usually between € and 12 months of therapy. Lowest incidence is at 
daily dosage of 1 g or less. This on rare occasions may be associated with hemolytic 
anemia, which could lead to potentially fatal complications. One cannot predict which 
patients with a positive direct Coombs test may develop hemolytic anemia. Prior ex- 
istence or development of a positive direct Coombs test is not in itself a contraindica- 
tion to use of methyldopa. If a positive Coombs test develops during methyldopa 
therapy, determine whether hemolytic anemia exists and whether the positive 
Coombs test may be a problem. For example, in addition to a positive direct Coombs 
test there is less often a positive indirect Coombs test which may interfere with cross 
matching of blood. 

At the start of methyldopa therapy, it is desirable to do a blood count (hematocrit. 
hemoglobin, or red cell count) fora baseline or to establish whether there is anemia. 
Periodic blood counts should be done during therapy to detect hemolytic anemia. it 
may be useful to do a direct Coombs test before therapy and at 6 and 12 months after 
the start of therapy. If Coombs-positive hemolytic anemia occurs, the cause may be 
methyldopa and the drug should be discontinued. Usually the anemia remits 
promptly. If not, corticosteroids may be given and other causes of anemia should be 
considered. If the hemolytic aneza is related to methyldopa, the drug should not be 
reinstituted. When methyldopa causes Coombs positivity alone or with hemolytic 
anemia, the red cell is usually coated with gamma globulin of the IgG (gamma G? class 
only. The positive Coombs test may not revert to normal until weeks to months after 
methyldopa is stopped. 
Should the need for transfusion arise in a patient receiving methyldopa, both a direct 
and an indirect Coombs test should be performed on his blood. In the absence 
of hemolytic anemia, usually only the direct Coombs test will be positive. À positive 
direct Coombs test alone will not interfere with typing or cross matching. If the 
indirect Coombs test is also positive, problems may arise in the major cross match 
and the assistance of a hematologist or transfusion expert will be needed. 


Fever has occurred within the first three weeks of therapy, sometimes with - 


eosinophilia or abnormalities in one or more liver function tests, such as serum 
alkaline phosphatase. serum transaminases (SGOT, SGPT), bilirubin. cephalin 
cholesterol flocculation, prothrombin time, and bromsulphalein retention. Jaun- 
dice, with or without fever, may occur, with onset usually within the first two to 
three months of therapy. in some patients the findings are consistent with those 
of cholestasis. Rarely fatal hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions; periodic determination of 
hepatic function should be done particularly durne the first 6 to 12 weeks of 
therapy or whenever an unexplained fever occurs. If fever, abnormalities in liver 
function tests, or jaundice appear, stop therapy with methyldopa. If caused by 
methyldopa. the temperature and abnormalities in liver function characteristically 
have reverted to normal when the drug was discontinued. Methyldopa should not 
be reinstituted in such patients. 
Rarely, reversible reduction of white blood cell count with primary effect on 
granulocytes has been seen. Reversible thrombocytopenia has occurred rarely. 
hen used with other antihypertensive drugs, potentiation of antihypertensive 
effect may occur. Follow patients carefully to detect side reactions or unusual 
manifestations of drug idiosyncrasy. 
HYDROCHLOROTHIAZIDE — Use with caution in severe renal disease. In patients 
with renal disease, thiazides may precinitate azotemia. Cumulative effects may 
develop in patients with impairec renal function. Use with caution in patients 
with impaired hepatic function or progressive liver disease, since minor altera- 
tions of fluid and electrolyte balance may precipitate hepatic coma. May add to or 
potentiate action of other antihypertensive drugs; potentiation occurs with 
ganglionic or peripheral adrenergic blocking drugs. Sensitivity reactions may oc- 
cur in patients with or without a history of allergy or bronchial asthma. Possibilit 
of exacerbation or activation of systemic lupus erythematosus has been tenoftsd. 
Lithium generally should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity; read circulars for lithium prepa- 
rations before use of such concomitant therapy. 
Pregnancy and Nursing: Use of any drug in women who are or may become preg- 
nant requires that anticipated benefits be weighed against possible risks. 
Methyldopa and thiazides cross the placental barrier and appear in cord blood. 
No unusual adverse reactions have been reported in association with the use of 
methyldopa during pregnancy Althcugh no obvious teratogenic effects have been 
reported, the possibility of fetal injury cannot be excluded. 
The hazards of thiazides crossing the placental barrier include fetal or neonatal 
jaundice, thrombocytopenia, and possibly other adverse reactions which have oc- 
curred in adults. Methyldopa and thiazides appear in breast milk. Patients taking 
ALDORIL should not nurse. 
Precautions: METHYLDOPA—Shauid be used with caution in 
history of previous liver disease or dysfunction (see Warnings). 





atients with 
ay interfere 


Antihypertensive TABLETS 
ALDORIL®-25 
methyldopa 250 mg and methyldopa 250 mg and 
hydrochiorothiazide 25 mg hydrochlorothiazide 15 mg 


with measurement of urinary uric acid by the phios otungstate method, serum 
creatinine by the alkaline picrate mathod, and SGOT by colorimetric methods. 
Since methyldopa causes fluorescence in urine samples at the same wavelengths 
as catecholamines, falsely high levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochromocytoma. It is important to 
recognize this phenomenon before a patient with a possible pheochromocytoma 
is subjected to surgery Methyidopa is not recommended for patients with 
pheochromocytoma. Urine exposed to air after voiding may darken because of 
breakdown of methyldopa or its metabolites. Involuntary choreoathetotic move- 
ments have been observed in patients with severe bilateral cerebrovascular dis- 
ease. If such movements occur. stop the drug. Patients may require reduced 
doses of anesthetics; hypctension occurring during anesthesia usually can be 
controlled with vasopressors. Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this procedure. 
HYDROCHLOROTHIAZIDE — Perform periodic determination of serum electrolytes 
to detect possible electrolyte imbalance. Observe all patients for clinical signs of 
fluid or electrolyte imbalance, namely, Sebi bale hypochloremic alkalosis, 
and hypokalemia. Serum and urine electrolyte determinations are particularly im- 
portan: when patient is vomiting excessively or receiving parenteral fluids. 
edication such as digitalis may also influence serum electrolytes. Warning 
signs, irrespective of cause, are dryness of mouth, thirst, weakness, lethargy. 
drowsiness, restiessness, muscle pains or cramps, muscular fatigue, hypoten- 
sion, oliguria, tachycardia, and gastrointestinal disturbances such as nausea and 
vomiting. Hypokalemia may develop, especially with brisk diuresis, in severe cir- 
rhosis, with concomitant corticosteroids or ACTH, or with inadequate oral 
electrolyte intake. Hypokalemia can sensitize or exaggerate Saree of heart to 
toxic effects of digitalis (e.g, increased ventricular irritability). Hypokalemia may 
be avoided or treated by use of potassium supplements, such as foods with a 
high potassium content. Any chloride deficit is generally mild and usually does 
not require specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in edematous 
patients in hot weather; appropriate therapy is water restriction, rather than adminis- 
tration of salt except in rare instances when the hyponatremia is life threatening. In 
actual salt depletion, appropriate replacement is the therapy of choice. 
Hyperuricemia may occur or frank gout may be precipitated in certain patients. 
Insulin requirements in diabetic patients may be increased, decreased, or 
unchanged: latent diabetes mellitus may become manifest. Thiazides may in- 
crease responsiveness to tubocurarine. Antihypertensive effects of the drug may 
be enhanced in postsympathectomy patients. May decrease arterial responsive- 
ness to norepinephrine; this diminution is not sufficient to preclude effectiveness 
of the pressor agent for therapeutic use. if progressive renal impairment 
becomes evident, consider withholding or E diuretic therapy. 
Thiazides may decrease serum PBI levels without signs of thyroid disturbance. 
Calcium excretion is decreased by thiazides. Pathological changes in the 
parathyroid glands with hypercalcemia and hypophosphatemia have been ob- 
served in a few patients.on prolonged therapy; thiazides should be discontinued 
before testing for parathyroid function. 
Adverse Reactions: METHYLDOPA — Central nervous system: Sedation, 
headache, asthenia or weakness; dizziness, lightheadedness, symptoms of 
cerebrovascular insufficiency, paresthesias, parkinsonism, Bell's palsy, decreased 
mental acuity, involuntary choreoathetotic movements; psychic disturbances, in- 
cluding nightmares and reversible mild psychoses or depression. Cardiovascular: 
Bradycardia, aggravation of angina pectoris. Orthostatic hypotension (decrease 
daily dosage). Edema (and weig' 
continue methyldepa if edema progresses or signs of heart failure appear) 
Gastrointestinal: Nausea, vomiting, distention, constipation, flatus, diarrhea, mild 
dryness of mouth, sore or "black" tongue, pancreatitis, sialadenitis. Hepatic: Ab- 
normal liver function tests, jaundice, liver disorders. Hematologic: Positive 
Coombs test, hemolytic anemia. Leukopenia, granulocytopenia, throm- 
bocytopenia. Positive tests for antinuclear antibody, LE cells and rheumatoid fac- 
tor. Allergic: Drug-related fever, lupus-like syndrome, myocarditis. Other: Nasal 
stuffiness, rise in BUN, breast enlargement, gynecomastia: lactation, impotence, 
decreased libido, dermatologic reactions including eczema and lichenoid erup- 
tions, mild arthralgia, myalgia. 
HYDROCHLOROTHIAZIDE — Gastrointestinal system: Anorexia, gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, jaundice (intrahepatic 
cholestatic jaundice), pancreatitis, sialadenitis. Central nervous system: Dizziness, 
vertigo, paresthesias, headache, xanthopsia. Hematologie: Leukopenia, 
agranulocytosis, thrombocytopenia, aplastic anemia. Cardiovascular: Orthostatic 
hypotension (may be aggravated by alcohol, barbiturates, or narcotics). Aypersen- 
sitivity: Purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
(cutaneous vasculitis), fever. respiratory distress :nciuding pneumonitis, 
anaphylactic reactions. Other: Hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, transient blurred vision. Whenever adverse reac- 
tons are moderate or severe, thiazide dosage should be reduced or therapy with- 
rawn. 
Note: Tolerance may occur, usually between the second and third month of therapy. 
Increasing dosage of either component separately or together frequently restores 
effective control. Patients with impaired renal function may respond to smaller 
doses. Syncope in older patients may be related to increased sensitivity and ad- 
vanced arteriosclerotic vascular disease; this may be avoided by lower doses. 
How Supplied: Tablets ALDORIL®-15, containing 250 mg methyldopa and 15 mg 
D scii bottles of 100 and 1000; Tablets ALDORIL®-25, containing 
250 mg methyldopa and 25 mg hydrochiorothiazide, bottles of 100 and 1000; 
Tablets ALDORIL* D30, containing 500 mg methyldopa and 30 mg hydro- 
chlorothiazide, bottles of 100; Tablets ALDORIL* D50, containing 500 mg 
methyldopa and 50 mg hydrochlorothíazide, bottles of 100. MSD 


Antihyperteasive TABLETS 
ALDORIL®-15 





For more detailed information, consult your MSD representative 
or see full prescribing information. Merck Sharp & , Divi- ane 
Sion of Merck & Co., Iwc., West Point, Pa. pr JBAROS O23) HM 
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Oral Nitroglycerin 
ITRO-BID 2.5 


itroglycerin) 2.5 mg 


Plateau CAPS 
ITRO-BID' 6.5 


itroglycerin) 6.5 mg 


Plateau CAPS 


nd now 


ITRO-BID' 9 


itroglycerin) 9 mg 


lateau CAPS 


ient benefit products from 
MARI DIVISION 
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KANSAS CITY. MO 6413? 


ased on a review of this drug and a related drug by the National Academy 
Sciences—National Research Council and/or other information, FDA has 
assified the indications as follows: 

"Possibly" effective. When taken by the oral route, NITRO-BID Capsules 
are indicated for the management, prophylaxis or treatment of anginal 
attacks 

"Possibly" effective. When applied topically, NITRO-BID Ointment is indi- 
ated for the prevention and treatment of angina pectoris attacks espe- 
jally at night. 

al classification of the less-than-effective indications requires further 
aluation. 


aindications 
tients with marked anemia, increased intraocular pressure, increased 
racranial pressure, glaucoma, hypotension, and idiosyncrasy to this drug. 


























the prophylaxis your angina patients need, 
: the dosage flexibility you want. 


Topical 


iocar 
NITRO-BID' 


(296 nitroglycerin) 


Transdermal 
Ointment 








Warnings 

NITRO-BID is not intended to abort the acute anginal episode. NITRO-BID 
Capsules must be taken ORALLY, not sublingually. in terminating NITRO- 
BID Ointment treatment, both the dosage and frequency of application 
must be gradually reduced over a period of 4 to 6 weeks to prevent sudden 
withdrawal reactions. 

Precautions 

A headache is a definite sign of overdosage and, therefore, dosage should 
be reduced. Occasionally, elderly patients may have no untoward symp- 
toms while recumbent, but may develop postural hypotension with faint- 
ness upon suddenly arising. 

Adverse Reactions 

With use of nitrates, transient headache, postural hypotension, flushing, 
tachycardia and dizziness may occur. 

Consult full product disclosure before prescribing. 
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There's only one disposable dia- 
phragm dome that is designed and 
manufactured specifically for the Gould 
Statham P23 transducer. 

Ours. 

It's the only dome that assures you 

the safety, accuracy and reliability 

that have made the P23 the world's 
leading physiological pressure 
transducer. 

Each dome has a built in diaphragm 
that acts as a sterile barrier between 
patient and transducer. 

After each use you simply throw 
the used dome away and replace it 
quickly and easily with another. 

So if you're reusing domes, you're 
missing the convenience of Gould 
Statham disposables and the savings 
of having the lowest cost-per-use avail- 
available in the industry through our 
Guaranteed Transducer Performance 
Program. 

For more information or free dome 
samples contact Gould Inc. Medical 
Products Division, 2230 Statham Blvd., 
Oxnard,CA 93030.Phone(805)487-8511. 


=" GOULD 


Manufacturer of Statham products 














Sede e fie 
Potassium Therapy 


KAON-CL TABS 


potassium chloride) 
Controlled Release ‘Tablets 


1elps encourage adherence to prescribed 
losage schedules 

When patient compliance with liquids or effer- 
vescent potassium is a problem, consider the 
-onvenience of the controlled release tablet 
rom Warren-Teed. Just 2 KAON-CI TABS t.i.d. 
qual 40 mEq potassium chloride. 


RIEF SUMMARY 

AON-C! TABS* (potassium chloride) 

Ontrolled Release Tablets 

escription: Kaon-Ci Tabs is a sugar coated (not enteric-coated) tablet containing 500 mg 
assium chloride (equivalent to 6.7 mEq potassium chloride) in a wax matrix. This formula- 
is intended to provide a controlled release of potassium from the matrix to minimize the 
glihood of producing high localized concentrations of potassium within the gastrointestinal 

































ications: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 
-EEDING WITH SLOW RELEASE POTASSIUM CHLORIDE PREPARATIONS, THESE 
PUGS SHOULD BE RESERVED FOR THOSE PATIENTS WHO CANNOT TOLERATE OR 
FUSE TO TAKE LIQUIDS OR EFFERVESCENT POTASSIUM PREPARATIONS OR FOR 
(ENTS IN WHOM THERE IS A PROBLEM OF COMPLIANCE WITH THESE PREPARA- 
S. 
{For therapeutic use in patients with hypokalemia with or without metabolic alkalosis, in 
digitalis intoxication and in patients with hypokalemic familial periodic paralysis. 
: For the prevention of potassium depletion when the dietary intake is inadequate in the 
= following conditions: Patients *eceiving digitalis and diuretics for congestive heart failure, 
| hepatic cirrhosis with ascites. states of aldosterone excess with normal renal function, 
potassium-osing nephropathy, and with certain diarrheal states. 
. The use of potassium salts in patients receiving diuretics for uncomplicated essential 
© hypertension is often unnecessary when such patients have a normal dietary pattern. 
Serum potassium should be checked periodically, however, and if hypokalemia occurs, 
dietary supplementation with potassium-containing foods may be adequate to contro! 
|. milder cases. in more severe cases supplementation with potassium salts may be 
indicated. 
ntraindications: Potassium supplements are contraindicated in patients with hyper- 
emia since a further increase in serum potassium concentration in such patients can 
duce cardiac arrest. Hyperkalemia may complicate any of the following conditions: Chronic 
al failure, systemic acidosis such as diabetic acidosis, acute dehydration. extensive tissue 
akdown as in severe burns, adrenal insufficiency, or the administration of a potassium- 
ring diuretic (e.g. spironolactone, triamterene). 
ax-matrix potassium chloride preparations have produced esophageal ulceration in cer- 
Cardiac patients with esophageal compression due to enlarged left atrium. Potassium 
plementation, when indicated in such patients, should be with a liquid preparation. 
li salid dosage forms of potassium chloride supplements are contraindicated in any patient 
m there is cause for arrest or delay in tablet passage through the gastrointestinal tract. in 
be instances, potassium supplementation should be with a liquid preparation 
ings: Hyperkalemia—-In patients with impaired mechanisms for excreting potassium, the 
inistration of potassium salts can produce hyperkalemia and cardiac arrest. This occurs 
it commonly in patients given potassium by the intravenous route but may also occur in 
(s given potassium orally Potentially fata! hyperkalemia can develop rapidly and be 
ptomatic. The use of potassium salts in patients with chronic renal disease, or any other 
ition which impairs potassium excretion, requires particularly careful monitoring of the 
Imepotassium concentration and appropriate dosage adjustment. 
feraction with Potassium-Sparing Diuretics —Hypokalemia should nct be treated by the 
omitant administration of potassium salts and a potassium-sparing diuretic (e.g. 
lactone or triamterene) since the simultaneous administration of these agents can 
luce severe hyperkalemia. 
strointestina! Lesions— Potassium chloride tablets have produced stenotic and/or ulcera- 
lesions of the small bowel and deaths, These lesions are caused by a high localized 
niration. of potassium ion in the region of a rapidly dissolving tablet, which injures the 
iwal and thereby produces obstruction, hemorrhage, or perforation. Kaon-Cl Tabs 
ium chloride! is a wax-matrix tablet formulated to provide a controlled rate of release of 


minimizes the possibility of high localized 
concentrations of potassium in the GI tract 
The reported frequency of GI lesions with wax- 
matrix tablets is less than 1 per 100,000 patient 
years. There have been only two equivocal cases 
of GI bleeding reported with KAON-CI TABS to 
date and no reports of small bowel stenosis or 
ulceration. However, clinical experience is 
insufficient at this time to indicate the incidence 
is other than the stated numerical ratio. 


potassium chioride and thus to minimize the possibility of a high local com «ntration of 
potassium ion near the bowel wail. While the reported frequency of small bowel lesions is much 
less with wax-matrix tablets (less than one per 100.000 patient years) than with enteric-coated 
potassium chloride tablets (40-50 per 100,000 patient years) cases associated with wax-matrix 
tablets have been reported both in foreign countries and in the United States. in addition, 
perhaps because the wax-matrix preparations are not enteric-coatad and release potassium in 
the stomach, there have been reports of upper gastrointestinal bleeding associated with these 
products. The total number of gastrointestinal lesions remains less than one per 100.000 
patient years. Kaon-Ci Tabs should be discontinued immediately and the possibility of bowel 
obstruction or perforation considered if severe vomiting, abdominal pain, distention, or gas- 
trointestinal bleeding occurs. ; 

Metabolic Acidosis—Hypokalemia in patients with metabolic -acidosis should be treated 
with an alkalinizing potassium salt such as potassium bicarbonate, potassium citrate. potas- 
Sium acetate, or potassium giuconate. . 

Precautions: The diagnosis of potassium depletion is ordinarily made by demonstrating 
hypokalemia in a patient with a clinical history suggesting some cause tor potassium depistion, 
in interpreting the serum potassium level, the physician should bear in mind thet acute 
alkalosis per se can produce hypokalemia in the absence of a deficit in total body potassium 
while acute acidosis per se can increase the serum potassium concentration into the normal 
range even in the presence of a reduced total body potassium. The treatment of potassium 
depletion, particularly in the presence of cardiac disease, renal disease, or acitiosis requires 
careful attention to acid-base balance and appropriate monitoring of serum electrolytes, the 
electrocardiogram, and the clinical status of the patient. 

Adverse Reactions: The most common adverse reactions to oral potassium salts are nausea, 
vorniting. abdominal discomfort and diarrhea. These symptoms are due to irritation of the 
gastrointestinal tract and are best managed by diluting the preparation further, taking the dose 
with meals. or reducing the dose. 

The most severe adverse effects are hyperkalemia (see Contraindications, Warnings and 
Overdosage} and gastrointestinal obstruction, bleeding or perforation (see Warnings). 

: The administration of oral potassium salis to persons with normal excretory 
mechanisms for potassium rarely causes serious hyperkalemia. However, i excretory mech- 
anisms ere impaired or if potassium is administered too rapidly intravenously, potentially fatal 
hyperkalemia can result (see Contraindications and Warnings). it is importantto recognize that 
hyperkalemia is usually asymptomatic and may be manifested only by an increased serum 
potassium concentration and characteristic electrocardiographic changes (peaking of 
T-waves. loss of P-wave, depression of ST segment, and prolongation of the QT interval). Late 
manifestations include muscle-paralysis and cardiovascular collapse from cardiac arrest. 

Treatment measures for hyperkalemia include the following: 

1. Elimination of foods and medications containing potassium and potassium-sparing 

diuretics. 

2. intravenous administration of 300 to 500 mlihr of 10% dextrose solution containing 10-20 

units of crystalline insulin per 1,000 mL 

3. Correction of acidosis, if present, with intravenous sodium bicarbonate. 

4. Use of exchange resins, hemodialysis. or peritoneal dialysis. 

In treating hyperkalemia, it should be recalied that in patients who have been stabilized on 
digitalis. too rapid a lowering of the serum potassium concentration can produce digitalis 
toxicity. 

Caution: Federal law prohibits dispensing without prescription. 
How Supplied: Bottles of 100, 250 and 1000. 
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ANew 
Inotropic Agent 
for the Short-Term 
Treatment of Low-Output 
Cardiac Failure 


Selectively Increases 
Myocardial Contractility 
with Consistent 
Hemodynamic Improvements 


See third page for brief summary of prescribing information 






Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex® (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility sesulling either 
from organic heart disease or from cardiac 
surgical procedures. 

in patients who have atricl fibrillation with 
rapid ventricular response, à digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated.in patients with idiopathic hyper 
trophic subaortic stenosis. 


Warnings: 1. increase in Heort Rote or Blood 
Pressure —Dobutrex may cause o marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 75 percert have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptiy Because 
dobutamine facilitates atrioventricular con- 
duction, patients with atrial fibrillation are at 
qisk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
fate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has coused ventricular 
tachycardia. 


Precautions: 1. During fhe administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cordiac output should be 
monitored whenever possible to aid in the 
sofe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-Dlocking drug. in such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
infarction —Clinical experience with Dobu- 
trex foliowing myocardial intarction has 
been insufficient to establish the safety of the 





Dobutamine HCI 





drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying: ischemia, but it is not 
known whether dobutamine does so. 

Usage in Pregnancy Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility 
harm to the fetus, orteratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used omy when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use —The safety and effective- 
ness of Dobutrex for ese in children nave not 
been studied. 


Drug interactions-.There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur 
rently with other dregs. including digitalis 
preparations, furosemide, spironolactone. 
lidocaine. glycery! trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid. and 
acetaminophen. Preliminary studies indicate 
fhat the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually. a lower pulmonary 
wedge pressure ther when either drug is 
used alone. 


Adverse Reactions: írcreosed Heart Rate. 
Blood Pressure. and Ventricular Ectopic 
Activity —A 10 to 20-mm increase in systolic 
blood pressure and ar increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects} Approximately 5 percent of 
patients have had increased premature ver- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects —The 
following adverse effects have been re- 
ported in 1to 3 percert of patients: nausea, 
headache, anginal poin, nonspecific chest 
pain, paipitations. and shortness of breath. 


No abnormal laborstory values aftribut- 
able to Dobutrex have been observed. 


tonger Term Safety —infusions of up to 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: in case of overdosage. as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patients condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 

and Stability--Dobutrex® (dobutamine hye: 
drochioride, Lilly) is Incompatible with akat; 
line solutions and should. not be mixed with 

products such as 5% Sodium Bicaroon- 

ate injection. 

Dobutrex may be reconstituted with Sterile 
Water for injection or 5% Dextrose injection. 
To reconstitute, add 10 mi of diluent to: Wai 
No. 7051 Dobutrex, 250 mg. If the material is 
not completely dissolved. add an additional 
10 mi of diluent. The reconstituted solution | 
may be stored under refrigeration for 48 
Acurs or at room temperature for six hours: 

Recórisfituted Dobutrex must be further di: 
luted to at least 50 mi prior to administration 
in 5% Dextrose injection, 0.9% Sodium | 
Chloride injection, or Sodium Lactate Inpec- 
fion. intravenous sotutions should be used 
within 24 houts. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but fhere is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage—The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min. 
(see table), On rare occasions, infusion rates 
up to 40 mcg/kg/min have been iequiredito 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250, 500. end 1000 mcg/mi 
Drug Delivery infusion Delivery Role 
Rete 250 mcg/mi* 500 mog/mit 1000 megirt 
(meg/kg/min? (ml/kg/min) &mikgimir | (mbkg/min 





























25 0.01 5.005 0.0028 
5 002 0.0] 5 
78 0.03 0015 0.0075 
io 0.04 0.02 e 

12.5 0.05 0.025 0.0125 
16 6.08 003 0.018 


+250 mg per liter of diluent 
+500 mg per iter or 250 mg per 800 mi of diluent 
$1000 mg per liter of 250 mg per 250 mi of diluent 
The rate of admiristration and the dura! 
fior of therapy should be adjusted accordi 
ing fo the patients response, as determin 
by heart rate, presence of ectopic activi 
blood pressure, urine flow and. whenew 
possible, measurement of central venous g 
pulmonary wedge pressure and cardial 
output. i f 
Concentrations up to 5000 meg/mi ha 
been administered fo humans (250 mg/sSi 
mf The final volume administered should 
determined by the fluid requirements ofery 
patient. fomen 


Additional information avdilable to 
L Ihe profession on request 
khy Eli Lilly and Company 
indianapolis. Indiana 462 
900288 
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Strategy for Evaluation and Surgical Treatment of the 
Asymptomatic or Mildly Symptomatic Patient With 
Coronary Artery Disease 


STEPHEN E. EPSTEIN, MD, FACC Although there is no debate concerning the role of operation in severely 


KENNETH M. KENT, MD ` symptomatic patients with coronary artery disease, uncertainty con- 
ROBERT E. GOLDSTEIN, MD, FACC cerning the indications for coronary bypass operation in the asymptomatic 
JEFFREY S. BORER, MD, FACC or mildly symptomatic patient abounds. Preliminary results of the Veterans 


DOUGLAS R. ROSING, MD Administration Collaborative Study indicate that operation enhances - 
Bethesda, Maryland survival only in patients with left main coronary artery disease. The debate — 
this study engendered led to analyses questioning the validity of its con-_ 
clusions. By utilization of nonrandomized data, it was argued that operation ~ 
also increases survival in patients with significant narrowing of two or three 
coronary vessels. The survival data of the nonsurgically treated groups 
` in such studies derived mainly from natural history data of populations _ 
studied 5 to 10 years ago and containing large numbers of severely 
symptomatic patients: The annual mortality rate in such populations has 
averaged about 7 and 11 percent in patients with two and three vessel 
disease, respectively. However, recent studies indicate that survival of D 
asymptomatic or midly symptomatic patients with two or three vessel. — 
disease is considerably better: These patients have an average annual 
mortality rate of only about 2 percent. Thus, when survival data of surgi- 
cally treated patients are compared with survival data of asymptomatic: — 
or mildly symptomatic patients not treated surgically, serious questions . 
arise as to the wisdom of prophylactic operation in patients without left 
main coronary artery disease. 

Because a compelling argument can be made for operating on all 
symptomatic patients with left main coronary artery disease it might be 
justified to perform coronary angiography in all symptomatic patients with 
coronary disease to rule out the possibility of significant left main arteríal 
narrowing. Alternatively, electrocardiographic exercise stress testing may 
offer a reasonable alternative to determine which mildly symptomatic 
patients should undergo coronary angiography for detection of this dis- 
ease. However, the profound economic implications of such screening 
Studies must be considered before broad application of large scale 
Screening is advocated. 


















Uncertainty concerning the indications for coronary bypass surgery 


From the Cardiology Branch, National Heart, continues to perplex the practicing physician. It was hoped that the data 


Lung, and Blood institute, National Institutes of 


Health, Bethesda, Maryland. Manuscript received derived from the prospective randomized studies from the Veterans _ 
October 30, 1978; revised manuscript received : Administration Collaborative Group and the Houston Veterans Ad- _ 
December 27, 1978, accepted December 28, ministration Hospital on surgical versus medical treatment of patients 


+1978. with coronary artery disease! would resolve most questions as to the 
-x Address for reprints: Stephen E. Epstein, MD, $5 : 1 


Cardiology Branch, National Institutes of Health, role of the coronary bypass operation. However, there will be no e: y 
Building 10, Room 7B-15, Bethesda, Maryland resolution. We have learned that the practical difficulties inherent in | 
20014. carrying out such large long-term prospective clinical trials raise ques- 
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tions that undermine the applicability of study results 

to formulating therapeutic strategies for other popu- 

lations of patients treated by other physicians at other 

institutions. These virtually unavoidable limitations 

-have plunged the medical community into a heated 
debate?^-!! that, for the present, cannot have a conclu- 
sive outcome. 

Despite the lack of definitive data regarding indica- 
tions for operation in patients with stable coronary ar- 
tery disease, there is virtually no debate as to the effi- 
cacy of coronary bypass surgery in the amelioration of 
angina pectoris. Symptoms are improved in the large 
majority of patients, ^79!? and it has recently been 
Shown with radionuclide cineangiography!? that exer- 

-€ise-induced ischemic dysfunction is usually abolished. 
'This latter finding indicates that alleviation of symp- 
toms is most often due to an increase in myocardial flow, 
rather than to infarction of previously ischemic tissue. 
Therefore, if a patient can no longer enjoy a satisfactory 
life style despite comprehensive medical therapy for 
symptoms, and if angiographically determined coronary 
anatomy is conducive to a surgical approach, operation 
should be performed. 


Patients With No or Mild Symptoms 


The difficult choices regarding diagnostic and ther- 
- apeutie strategies center on the patient with mild angina 
.pectoris or the asymptomatic subject who on other 
grounds (such as an abnormal electrocardiographic 
response to exercise) is thought to have coronary artery 
disease. The diagnostic approach adopted is dependent 
on the physician’s therapeutic strategy. A different di- 
agnostic approach will be pursued if it is assumed that 
the coronary bypass operation is indicated for the 
purpose of improving survival in any patient with severe 
coronary stenoses than if operation is reserved for relief 
of severe symptoms. It is the purpose of this commu- 
nication to review the studies that are most relevant to 
the role of surgery in the asymptomatic or mildly 
symptomatic patient and to incorporate information 
from these studies into a reasonable strategy for the 
- evaluation and treatment of such patients. 


Survival After Medical Versus Surgical Treatment 

In formulating a therapeutic strategy for patients 
with no or mild symptoms, it is essential to know 
whether surgical intervention is likely to prolong life. 
At present, the only reported studies comparing medi- 
cally versus surgically treated patients involve, by and 
large, relatively severely symptomatic patients. Al- 
though the applicability of such results to the asymp- 
tomatic or mildly symptomatic patient is highly ques- 
tionable (a thesis that will be explored in more detail 
later), a brief review of these results is relevant. More 
detailed reviews of this particular subject are to be 
found in the recent articles of McIntosh and Garcia,!” 
and of Hurst and colleagues.’ 


Randomized Studies 


The most important study available to date is the 
Veterans Administration Collaborative Study,'? in 
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which patients were randomized prospectively into 
medically and surgically treated groups. In that study 
there has been, so far, no overall difference in long-term 
survival between patients undergoing coronary bypass 
surgery and those treated medically. However, when the 
patients with left main coronary arterial narrowing were 
analyzed separately, a statistically significant increase 
in survival was demonstrated in the patients operated 
on: 64 percent of the medically treated patients with left 
main coronary disease survived after 48 months of fol- 
low-up compared with 93 percent in the surgically. 
treated subgroup.* If these results are generally appli- 
cable, it can be concluded that (1) patients with left 
main coronary artery disease should be operated on 
regardless of symptoms in order to prolong life, and (2) 
in patients without left main coronary artery disease, 
the indication for surgical treatment should be based 
on the severity of symptoms because survival is not 
enhanced. 

Limitations of the Veterans Administration col- 
laborative study: Although this collaborative study!” 
is the most comprehensive study to date, the validity of 
its conclusions are limited for several reasons. First, the 
final study group consisted of 508 medically and 507 
surgically treated patients. These subjects were selected 
from more than 5,500 subjects screened and more than 
2,000 subjects who underwent arteriography. The ex- 
clusion from randomization of more than half the pa- 
tients who had arteriography suggests that the selection 
process used was not based solely on the presence or 
absence of anatomic features conducive to operation. 
Part of the procedure for selecting appropriate subjects 
also required that patients have an abnormal electro- 
eardiogram (either at rest or with exercise). Thus, 40 
percent of the total randomized population had elec- 
trocardiographic evidence of prior myocardial infarc- 
tion, a finding previously demonstrated to affect ad- 
versely long-term survival. Moreover, 58 percent of 
the patients were in functional class HI or IV before 
randomization, despite medical treatment. Thus, a 
majority of study patients, by today's standards, would 
qualify for operation on purely symptomatic grounds. 
On the basis of these considerations, it would be rea- 
sonable to question whether the study's selection cri- 
teria (with consequent elimination of more than 80 
percent of those initially screened) allow generalization 
of the study's conclusions to other groups of patients 
with coronary artery disease. 

Another important problem is the operative mortality 
rate of 5 percent, a figure excessively high by today's 
standards. This would unfavorably bias the results 
against the surgically treated patients. In addition, graft 
patency was only 69 percent, a figure lower than that of 
more current operative results.^!^-!? Finally, there was 
a nonadherence rate in the medical group of 12 percent 
(most underwent operation after randomization) and 
in the surgical group of 5 percent. These high nonad- 


in the cited references. ^ However, the precise numbers contained 
in this manuscript are based on updated information kindly supplied by 
the authors. 











herence rates pose formidable problems in the statistical 
. interpretation of the study data. 
. Possible limitations of the Houston St. Luke's 
_ Episcopal-Veterans Administration Hospital study: 
Problems raised by patient selection factors also exist 
. in the second major prospective randomized study in 
-— progress, that from the Houston St. Luke's Episcopal- 
... Veterans Administration Hospital.* As of late 1977, 
-a total of 80 patients were randomized into the medical 
group and 56 into the surgical group. The study has 
reached its 5th follow-up year and the mortality rate is 
18 per cent in the medical group and 9 per cent in the 
surgical group. Although this difference is not statisti- 
cally significant, the twofold greater mortality in the 
medically treated patients may exert a substantial in- 
fluence on the decisions of physicians responsible for 
advising a patient on operation.* 

However, the authors as yet have not published data 
regarding angiographic findings or an analysis of how 
- many patients had left main coronary disease. This is 
. an important point, because if the study contains a 
substantial number of patients with left main coronary 
artery disease, study results would be biased in favor of 
surgical treatment.?!? In addition, 48 percent of the 
medically treated patients manifested “unstable angi- 
na" during the follow-up period. This incidence of un- 
stable angina identifies the patients chosen for this 
study as a highly selected subgroup. 

Applicability of Veterans Administration ran- 
domized studies to other patient populations: The 
Veterans Administration and Houston studies are the 
best available that allow reliable comparison between 
the results of surgical and medical therapy. However, 
although each study presents a valid comparison be- 
tween two groups of randomized patients with equiva- 
lent distribution of baseline variables, questions inev- 
itably arise as to the applicability of the results to other 
patient populations. In particular, both studies contain 
an unusually high proportion of patients with sympto- 
matically severe disease. This is an important consid- 
eration because, although randomization provides for 
two treatment groups that at the start of study have 
equal susceptibility to future events, randomization 
does not deal with the problem of whether similar re- 
sults would derive from a study in which patients with 
different levels of susceptibility to future events were 
randomized.!! In other words, can the results of these 
studies, based largely on severely symptomatic patients, 
be applied to a mildly symptomatic population? 

The results of the Veterans Administration and 
Houston studies should constitute an important part 
of the information matrix on which current therapeutic 
decisions are based. Nevertheless, one can raise serious 
questions about the appropriateness of their use as the 
sole arbiter of whether operation is indicated in the 
asymptomatic or mildly symptomatic subject with 
coronary artery disease. 








"The most recent update of this study "° indicates a mortality rate 
of 20 percent in the medical group and 14 percent in the surgical group 
after 5 years of follow-up. 
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Nonrandomized Studies 


These problems, particularly those related to the : 
results and conclusions of the Veterans Administration 
Collaborative Study, led to a renewed interest in using 
nonrandomized data to determine whether coronary 
bypass surgery prolongs life. Most,?19.19-?! but not all?? 
such studies appeared to demonstrate a favorable effect 
of surgery on one or more subgroups of patients with 
coronary artery disease. 

The most recent, and also the most compelling and _ 
comprehensive, example of this approach is the article 
by Hurst et al." These investigators compared the sur- 
vival statistics of several studies of patients with coro- 
nary artery disease who were not treated surgically with 
the survival statistics of patients undergoing bypass 
surgery at other institutions. The analysis appeared to 
indicate very clearly that long-term survival of patients 
with double or triple vessel disease who undergo coro- 
nary bypass surgery is greater than that of patients who 
do not. The data leading to such a conclusion can be _ 
summarized as follows. In general, among patients - 
studied with angiography but not operated on the an- 
nual mortality rate is about 1 to 2 percent for those with 
single vessel coronary disease, 7 percent for those with 
two vessel disease and 11 percent for those with three 
vessel disease. The overall mortality rate is about 8 
percent.1423-39 Surgically treated patients with two or 
three vessel disease have substantially lower annual 
mortality rates, averaging approximately 3.5 to 6 per- 
cent. The overall annual mortality rate of surgically 
treated patients is about 2 to 5 percent®-15.19.3!41 (Table 
D. 


TABLE | 


Average Annual Mortality in Patients With Coronary Artery 
Disease With No or With Mild Symptoms Not Operated on 
Compared With That of Surgically Treated Patients From 
Several Institutions 





Average Annual 





... Mortality 
20r3 
Vessel 
Institution Type of Patient Total Disease 











National Institutes 
of ae 


Asymptomatic-mildly 1.596 2.096 
symptomatic, not 


operated on 
New York Operative 4.0 
University '? 
New York Operative 2.4% i 
University?? 
Baylor??? Operative 2.096 : 
Peter Bent Operative 2.396 t 
Brigham?? 
Buffalo General? Operative 2.096 f 
Massachusetts Operative 24% f 
Generals Te 
Emory Operative 0% . 
Cleveland Clinic?’ Operative 3.3% 4:696 
University of Operative 3.396 3.796 
Southern 
California? 
Stanford University! Operative 5.0% 6.0% 





* Data unavailable. 
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Limitations of nonrandomized studies: The data 
presented by these types of analysis, suggesting that 
surgery prolongs life and therefore should be offered to 
all patients with two or three vessel coronary disease (as 
well as those with left main coronary artery disease), 
seem compelling. However, Chalmers et al.? pointed out 
the powerful effect that selection factors exert on con- 
clusions when a control group is not assigned at random. 
They also emphasized the critically important point 
that differences in outcome between two groups 
“matched” for disease severity (that is, number of ves- 
sels narrowed) but not randomized, may still occur. 
They concluded that “. .. these and other indicators of 
outcome that are less easily measured can be distributed 
fairly only if the treatments are assigned at random." 

These considerations appear extremely relevant to 
the conclusion of Hurst et al.” that “... we have ade- 
quate evidence that bypass surgery prolongs the life of 

' patients with left main coronary arterial obstruction and 
triple or double vessel obstruction . . . ." This statement 
relies on the assumption that the medically treated 
patients with double or triple vessel disease previously 
reported on!^?3-?? can be used as a control group for 

_ surgical series. However, virtually all published natural 
history studies of patients with angiographically doc- 
umented coronary artery disease are derived from large 
medical centers to which more seriously symptomatic 
patients are usually referred. Most of these series also 
were based on patients studied and followed up in the 
late 1960's and early 1970's and who, for one reason or 
another, were not judged to be suitable candidates for 
operation. The critical question therefore arises: Given 
comparable severity of coronary arterial narrowing, is 
the natural history of the asymptomatic or mildly 
symptomatic patient identified and treated today 
similar to that of the more severely symptomatic patient 
identified and treated 5 or 10 years ago, so that pro- 
phylactic operation is warranted? 
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FIGURE 1. Survival in patients with coronary artery disease. ''Prior 
studies” (open bars) denote approximate average values derived from 
Ref 21 to 29. Data from “VA STUDY” are from Ref 42, data from 
"Montefiore" study from Ref 43 and data from National Institutes of 
Heaith (NIH) study from Ref 44. CAD = coronary artery disease; LV left 
ventricle. 


Natural History of Asymptomatic or Mildly 
Symptomatic Patients With Coronary Disease 

Left ventricular function as predictor of prog- 
nosis: Support for the view that the annual mortality 
of the mildly symptomatic or asymptomatic subject is 
less than that of the more severely symptomatic patient 
is provided by two recent investigations. Both of these 
confirm the results of an earlier study from the Cleve- 
land Clinic,'4 which demonstrated that the state of left 
ventricular contractile function is an important pre- 
dictor of prognosis, independent of the number of ves- 
sels narrowed. Thus. the Veterans Administration 
Collaborative Study* showed that medically treated 
patients with good left ventricular function had an ex- 
cellent prognosis ever in the presence of two or three 
vessel disease. The annual mortality rate of patients 
with two or three vessel coronary disease but with good 
left ventricular function was only 1.8 percent. In con- 
trast, the annual mortality rate was 6.0 percent in pa- 
tients with multivessel disease and abnormal left ven- 
tricular function. Similarly, a study from Montefiore 
Hospital in New York? demonstrated that, whereas 
patients with depressed ejection fraction and significant 
stenoses involving two or more coronary arteries had a 
relatively poor prognosis (annual mortality rate 16 
percent), patients with good left ventricular function 
had a good prognosis (annual mortality rate 3 percent) 
even with significant stenosis of two or three vessels 
(Fig. 1). 

Role of prophylactic surgery in mildly symp- 
tomatic patients with two or three vessel disease: 
These results bear importantly on the question of 
“prophylactic” operation for patients who are asymp- 
tomatic or have only mild symptoms. About 75 percent 
of such patients have good left ventricular function 
(ejection fraction 50 percent or greater)*4 and therefore 
would be expected to have a good long-term prognosis. 
This expectation has been substantiated by the results 
of the National Heart, Lung, and Blood Institute— 
Cardiology Branch Prespective CAD Natural History 
Study. All patients referred for the evaluation of 
coronary artery disease were admitted to study if they 
had angiographically documented narrowing of 50 
percent or greater in one or more major coronary arte- 
ries; symptoms, if present, were mild and well controlled 
on medical management. Patients with significant 
narrowing of the left main coronary artery were ex- 
cluded from study. Eighteen percent of the patients 
were asymptomatie, and the remaining patients were 
in functional class 1I. Forty-three percent had 50 per- 
cent or greater narrowing of two and an additional 30 
percent had such narrowing of at least three major 
coronary arteries. Seventy-three percent of all the pa- 
tients within these two groups had an ejection fraction 
of 50 percent or more. The patients have been followed 
for up to 4 years (mean 2 years). The annual mortality 
rate has averaged only 2.0 percent per year in all pa-. 
tients with double or triple vessel disease (Fig. 1). 

'Thus, a convincing argument favoring the concept 
that surgery enhances survival can be constructed when 
survival of patients operated on is compared with older 
natural history date derived from patient populations 





that are highly selected and appear to consist largely of 
severely symptomatic persons. However, the argument 
is not convincing when survival of patients operated on 
is compared with recent natural history data on the 
mildly symptomatic or asymptomatic patient. Table I 
shows that the average annual mortality rate of mildly 
symptomatic or asymptomatic patients who are not 
< surgically treated is apparently lower than the average 
annual mortality rate of patients operated on at the 
institutions^1932 cited by Hurst et al., who considered 
that the data provided evidence establishing that sur- 
gery prolongs life. Additional studies serve to substan- 
tiate this point.?9-*! 

Most of the surgical data cited in Table I are based 
on results in patients operated on in the first half of the 
1970’s; hence, it is possible that better long-term sur- 
vival will occur in patients operated on more recently. 
"Nonetheless, the existing nonrandomized data, and the 
lack of convincing documentation of a beneficial influ- 
- ence of operation on mortality in symptomatic patients 
randomized to treatment, indicate to us that the 
- demonstration of coronary stenoses, even if two or three 
coronary vessels are involved, should not be interpreted 
as sufficient reason to procede with operation in the 
absence of left main coronary disease or significant 
symptomatic limitation. 

In addition to these considerations, potentially del- 
eterious effects of operation must be weighed by the 
physician considering the pros and cons of prophylactic 
operation. These effects are summarized in the next 
section of this review. 


Long-Term Effect of Coronary Bypass Operation: Late 
Symptoms and Bypass Graft Patency 


Late operative results, including graft patency and 
symptoms, are particularly pertinent to the question of 
whether to operate on asymptomatic or mildly symp- 
tomatic patients who, as indicated, appear to have a 
relativelv good long-term prognosis. 

Graft patency: Several studies have demonstrated 
that graft patency in the first 6 to 12 months after op- 
eration is about 75 to 90 percent,?:12.15-17.38 and that 
grafts that are patent 6 months after operation remain 
patent for the next 2 to 3 years.5^*6 However, if opera- 
tion is to be undertaken as a “prophylactic” procedure, 
there should be some assurance that grafts will remain 
patent for many years. 

Such information has only recently become available. 
In a study from our laboratory,“ 22 of 30 patients 
studied as nearly consecutively as possible were evalu- 
ated. All had had coronary artery bypass grafting 5 to 
7 years previously and had at least one graft patent at 
early postoperative study. Of the 33 grafts patent at 
early study, 94 percent were patent at late study. Similar 
results from the Montreal Heart Institute*® were re- 
cently published in preliminary form. Hence, 75 to 90 
percent of grafts are patent within the 1st postoperative 
year, and most of the grafts will remain patent for at 
least another 5 to 7 years. These early and late results 
are extremely encouraging for the patient who needs 
operaticn because of severe symptoms. However, the 
fact that 15 to 30 percent of grafts will become occluded 
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by 5 to 7 years after operation (10 to 25 percent early 
and 5 percent late) raises some questions as to the wis- 
dom of prophylactic operation in the asymptomatic or 
mildly symptomatic patient. 

Late symptoms due to progression of coronary 
artery disease: Progression of disease within the native 
coronary vessels also presents some problems for the 
prophylatic approach to operation. All 22 patients in the 
National Heart, Lung, and Blood Institute long-term 
study of coronary artery bypass grafts*’ were in func- 
tional class III or IV preoperatively. Early in the post- 
operative period, 16 became free of symptoms (class I) 
but 11 of these (69 percent) exhibited deterioration of 
at least one functional class over the next 5 to 7 years. 
Progression of disease in ungrafted vessels accounted 
for symptomatic deterioration in 9 of these 11 patients, 
with only 1 of the 11 demonstrating graft occlusion. 
Similar results were reported in abstract form from the 
Montreal Heart Institutef? and from Stanford. Thus, 
although most patients improve symptomatically after 
operation, symptomatic deterioration is common in the 
succeeding years, and this is most often due to pro- - 
gression of disease in ungrafted vessels. 

This finding might suggest that a more effective 
prophylactic operation necessitates grafting of all 
stenotic vessels, including those with mild (less than 50 
percent) stenosis. However, the long-term patency of 
grafts to vessels that are not critically narrowed is un- 
known. Because of flow competition, it is possible that 
graft occlusion would occur relatively frequently. 

Perioperative myocardial infarction and graft 
induced proximal coronary occlusion: Two addi- 
tional points are of concern. Perioperative myocardial 
infarction occurs in approximately 5 to 35 percent of 
patients undergoing coronary bypass surgery.!950-55 
Although the significance of such damage is not defi- 
nitely known, there is evidence suggesting that peri- 
operative infarction may deleteriously influence 
long-term prognosis.9$ Moreover, the operative proce- 
dure appears to increase the rate of progression of 
proximal occlusion in the native coronary vessels re- 
ceiving such grafts.57-9? New occlusions could therefore 
further compromise myocardial flow in those patients 
whose grafts do not remain patent. 

Thus, operatively induced myocardial damage and 
graft-induced acceleration of proximal occlusion might 
offset any possible benefit prophylactic operation would 
have in enhancing survival in asymptomatic or mildly 
symptomatic patients. In addition, when patients be- 
come symptomatic due to spontaneous development of 
progressive occlusive disease involving coronary arteries 
that had not been bypassed, the risks involved in re- 
operation may be significantly increased by the prior 
procedure.9! The net effect on long-term survival of 
prophylactic operation has to include the risks of pos- 
sible additional operations, as well as the risks imposed _ 
by operatively induced myocardial damage. 


Attempts to Identify High Risk Subgroups 


The considerations just mentioned cast doubt on the 
value of coronary bypass surgery in asymptomatic or 
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only mildly symptomatic patients. However, it is pos- 
sible that appropriate examination techniques may 
identify subgroups within this patient population at 
high risk of a catastrophic event, which might be averted 
by prophylactic operation. 


Asymptomatic Subjects 


In the Seattle Heart Watch study, Bruce et al.®2 found 
that among 2,760 men initially free of heart disease, 
there was an incidence rate of sudden cardiac death of 
only 0.05 percent/year. Maximal exercise testing iden- 
tified 3.5 percent of the population with a seven times 
greater risk of any coronary heart disease event (angina, 
myocardial infarction and death). Comparable data 
relating to sudden death itself are not, unfortunately, 
available. However, the practical implications of a 
- program designed to identify asymptomatic subjects 

. who may be at high risk of sudden death can be roughly 
approximated by assuming that exercise testing can 


+ similarly identify a subgroup at seven times greater risk 


of sudden death. Using these approximations, one can 
calculate that 10,000 asymptomatic subjects, with an 
annual mortality rate of 0.05 percent/year, would have 
to undergo exercise screening to identify a high risk 
group containing one asymptomatic subject at risk of 
sudden death over the course of 1 year (Fig. 2). The 
exercise screen would yield a group of 350 men (3.5 
percent of the population) at seven times the risk of 
sudden death as the remainder of the population. In this 
group of 350 men, 1 will be destined to die (0.29 per- 
cent/year annual mortality rate). 


PRACTICAL IMPLICATIONS OF EMPLOYING AN EXERCISE 
SCREEN TO IDENTIFY ASYMPTOMATIC SUBJECTS 
AT RISK OF SUDDEN DEATH 





EXERCISE 
POSITIVE NEGATIVE 
350 
.2996/yr. 9650 
.0496/ yr. 
1 DEATH 
4 DEATHS 


FIGURE 2. Attempt to identify a subgroup of asymptomatic subjects 
at high risk of sudden death. Approximations based on the data of Bruce 
et al.9? and reprinted with permission of the American Heart Associa- 
tion, inc. 


Role of exercise testing for screening patients at 
inereased risk: How can this 1 subject be selected from 
the remaining 349 men who will not die? Clearly, there 
must be an answer to this question if such a screening 
approach can be translated into therapeutic action, 
because it would be medically unwise to institute ag- 
gressive treatment for the 99.7 percent of men who are 
not at risk of sudden death. Hence, additional screening 
studies would have to be carried out. Assuming the cost 
of an exercise screening study is $100, it would cost $1 
million (10,000 X $100) to identify a "high" risk 
subgroup containing one subject who will die in the next 
year, and additional hundreds of thousands of dollars 
for the added screening studies. Even if this expensive 
approach were successful, the much larger “low” risk 
subgroup would contain four (or 80 percent) of the pa- 
tients destined to die, none of whom would have been 
so identified by sereening studies. Thus, until more ef- 
fective screening studies are available for an asymp- 
tomatic population, it would be impractical to think of 
using exercise testing for the purpose of preventing 
sudden coronary death in this group. 


Symptomatic Patients 


Measurements of exercise capacity, S-T segment 
depression (particularly in relation to the intensity of 
exercise at which S- T segment depression occurs) and 
reduced increase in blood pressure during exercise,9?64 
as well as detection of complex ventricular arrhythmias 
during ambulatory electrocardiographic monitoring,®566 
have each identified patient subgroups at increased risk 
of coronary death. However, the high risk subgroups 
thus far identified all contain severely symptomatic 
patients or those with evidence of abnormal left ven- 
tricular function.5? Thus, although several promising 
directions are being explored, we still do not have an 
accurate means of selecting a high risk subgroup from 
the patient population with stable coronary artery 
disease and no or mild symptoms. The only possible 
exception to this statement that most physicians would 
probably accept is identification of the patient with 
significant narrowing of the left main coronary artery. 
Because the only patients in the Veterans Adminis- 
tration Collaborative Study with greater longevity after 
operation were those with left main coronary arterial 
narrowing,? the question arises whether all patients with 
corcnary disease should be screened for disease of the 
left main artery regarcless of symptomatic status. 

Should all patients with coronary disease be 
screened for left main artery disease? Unfortu- 
nately, this question is not readily answered on the basis 
of empirical information. Studies on the medical versus 
surgical treatment of left main coronary artery disease 
were all performed in highly symptomatic subjects. In 
the population of patients with left main disease defined 
by the Veterans Administration Cooperative Study, 60 
percent were in functional class HI or IV and 36 percent , 
of the medically treated patients died after 48 months 
cf follow-up. In the recent nonrandomized study from 
the Montreal Heart Institute, 88 in which surgery was 
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found to enhance survival in patients with left main 
coronary arterial narrowing, 48 percent of the patients 
not operated on had either unstable angina or were 
judged to be in functional class III or IV, and 51 percent 
died after 5 years of follow-up. In addition, 77 percent 
of the 141 patients with left main disease studied at 
Cleveland Clinic® had class III or IV symptoms (overall 
annual mortality rate 10 percent), and 94 percent of the 
187 patients studied at Duke University!*7? had either 
pain at rest or abnormal left ventricular function 
(overall annual mortality rate 17 percent). 

Whether or not less symptomatic subjects share a 
similarly dire prognosis, which is also improved by op- 
erative intervention, has not been established. However, 
it is of some relevance to note that even when mortality 
estimates are based on “low risk” patients with left main 
coronary artery disease, the long-term outlook for 
medical management is not good. Thus, in the study 
from the Montreal Heart Institutes! the 5 year survival 
rate was about 20 percent in patients treated medically 
who had an ejection fraction of less than 45 percent, 
about 40 percent in those with an ejection fraction of 45 
to 59 percent but only about 70 percent (6 percent an- 
nual mortality rate) in those with an ejection fraction 
of 60 percent or better. Likewise, in a recent study from 
Duke University Medical Center,!? patients with left 
main coronary artery disease identified as a “low risk 
subgroup" still had a 3 year survival rate of only 74 
percent (annual mortality rate 9 percent). Finally, pa- 
tients with left main arterial obstruction and normal 
ventricular function studied at the Cleveland Clinic? 
had a 5 year survival rate of 55 percent (annual mor- 
tality rate 9 percent). 

Is operation warranted in all patients with sig- 
nificant left main coronary artery disease? AI- 
though the natural history of patients with left main 
coronary artery disease who are considered to be at 
relatively “low risk" does not appear good, it is not at 
all clear whether surgery increases survival even in all 
severely symptomatic patients with left main coronary 
arterial narrowing. For example, operation may benefit 
only patients with mild impairment of left ventricular 
function, and not those with normal function or severe 
dysfunction.265 Also, the role of coexistent narrowing 
of the right coronary artery or the degree of narrowing 
of the left main artery (50 to 70 percent versus 70 per- 
cent or greater) in determining relative prognosis is also 
uncertain.2186569 Thus, although the weight of evidence 
favors operating on the patient with significant nar- 
rowing of the left main coronary artery, there remain 
many uncertainties as to whether an operative approach 
is warranted in all such patients. However, these 
uncertainties will probably never be satisfactorily re- 
solved because it is highly unlikely that another ran- 
domized study of patients with left main coronary ar- 
terial narrowing will ever be carried out. 

On purely theoretical grounds, lesions of the left main 
coronary artery are unique in the extent of myocardium 
jeopardized and the paucity of opportunity for the de- 
velopment of compensatory collateral blood flow. Thus, 
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rapid progression of such lesions might be expected to 
produce a relatively high incidence rate of catastrophic 
events even in patients with few antecedent symptoms. 
These considerations represent the principal justifica- 
tion for identification and prompt operative treatment 
of significant lesions of the left main artery in patients 
with coronary artery disease who lack severe symp- 
toms. 


The Search for Left Main Coronary 
Artery Disease 


Left main coronary arterial stenosis is necessarily an 
angiographic diagnosis. Because coronary angiography 
is both invasive and expensive, one would prefer to 
perform angiography only in patients with a high like- 
lihood of significant left main lesions. Such lesions are 
probably present in about 5 to 10 percent of patients 
with coronary disease who have symptoms that are 
stable.2184471-74 Although data are lacking, it is likely 
that asymptomatic subjects with coronary disease have 
an even lesser prevalence of left main coronary arterial 
lesions. Thus, a practical noninvasive screening test to 
identify a subgroup with greater probability of left main 
coronary artery disease might be particularly useful. 
However, the large number of subjects in need of 
screening would make cost an important consideration 
even if one had an ideally efficient screening proce- 
dure. 

Asymptomatic patients: In essence, the search for 
left main coronary artery disease is the search for a 
subgroup of persons at high risk of sudden death. The 
enormous medical and economic problems inherent in 
screening asymptomatic subjects, as discussed previ- 
ously, indicates the impracticality of mounting a feasible 
screening effort in such patients, given existing diag- 
nostic technology. 

Symptomatic patients: A rough idea of the problems 
inherent in identifying the mildly symptomatic patient 
with left main coronary artery disease, and the costs of 
a less than perfect screening test, are outlined by the 
calculations contained in Table II. The minimal cost, 
using an ideal screening test that would identify all 
patients with left main coronary artery disease and yield 
no false positive results, would be $2,000 per left main 
stenosis diagnosed. 

Role of exercise electrocardiography: In practice, 
no screening test has yet been devised that approaches 
the ideal just presented. Although other techniques may 
eventually prove useful in this regard, exercise elec- 
trocardiography is the one screening method that has 
received widespread acceptance. The relative advan- 
tages and disadvantages of exercise electrocardiography 
are strongly dependent on the extent of abnormality 
accepted as “positive” (that is, evidence of a need for 
angiography) for detecting left main coronary disease, 
and the sensitivity and predictive accuracy of exercise 
electrocardiography in detecting left main coronary 
disease. Using data derived from studies of 156 
asymptomatic or mildly symptomatic patients with 
significant coronary disease, *^?! we found that 9 percent 


1021 


SURGERY FOR CORONARY DISEASE—EPSTEIN ET AL. 











TABLE Il 
Relative Efficacy and Cost of Strategies for Detecting Left Main Coronary Stenosis* 
Percent With Percent of Percent Cost tper 
Left Main Disease CAD Patients Left Main Cost! per Left Main Cost? per 
Selected Not selected Undergoing Disease 1,000 CAD Stenosis 4 Year 
Angiographic Criteria for Angio for Angio Angio Detected Patients Diagnosed Survivor 
Positive “ideal” 100% 0% 10% 100% $ 200,000 $ 2,000 $40,000 
screening test$5 
22mm ST} 32% 5.9% 16% 50% $ 260,000 $ 5,200 $50,600 
21.5 mm ST} 23% 4.2% 31% 71% $ 410,000 $ 5,800 $52,900 
21mm STI 20% 1.3% 47% 9396 $ 570,000 $ 6,100 $53,800 
All patients with CAD 10% — 100% 100 % $1,000,000 $10,000 $67,700 


* Assumptions: prevalence of left main stenosis = 10%; angi hy costs $1,000/patient; exercise electrocardiography and the “ideal” screening 
angiograp 


procedure each cost $ 100/patient. 


T Cost is calculated from the cost of the screening studies performed in all subjects, plus the cost of coronary angiography performed in those 


subjects with a positive screening test. 


* Based on assumption that operation increases 4 year survival in almost 3 of every 10 patients with left main disease (4 year survival 64 percent 
of medically treated, 93 percent of surgically treated?) and that coronary bypass surgery costs $10,000. 

S$ An “ideal” screening test would identify all patients with left main coronary artery disease and yield no false positive results. 

! The sensitivity and predictive accuracy data on which these calculations are based were derived from exercise studies terminated when 85 
percent of maximal predicted heart rate was reached, or at onset of symptoms, whichever appeared first. Different statistics would undoubtedly 
apply (greater sensitivity but lower predictive accuracy) if a symptom-limited protocol were employed. 


Angio — angiography; CAD — coronary artery disease. 


had 50 percent or greater narrowing of the left main 
coronary artery. S-T segment depression of 2 mm or 
more identified a subgroup of candidates for angiogra- 
phy with a relatively high proportion (32 percent) of left 
main coronary artery disease. However, in about 50 
percent of patients with occlusions of the left main ar- 
tery 2mm or more S-T segment depression did not de- 
velop and thus their condition would have gone undi- 
agnosed. S-T segment depression on exercise of 1 mm 
or more identified a subgroup of candidates for angi- 
ography of whom 20 percent had left main coronary 
artery disease. Thus, although the yield of left main 
coronary artery disease was thereby increased (with only 
10 percent of patients with such disease having a neg- 
ative exercise test) as compared with the unscreened 
population, the cost of diagnosing left main coronary 
artery disease using such a screening procedure would 
be only about 35 to 40 percent below the cost that would 
be expended for a program to perform angiograms in all 
symptomatic patients with coronary disease. 

Role of surgery in prolonging life: Finally, about 
6 of 10 patients with left main coronary artery disease 
who are not operated on survive 4 years, and operation 
increases this number by only 3, to 9 of 10 patients.? A 
program of screening for and operating on patients with 
left main coronary artery disease could succeed there- 
fore in prolonging life for 4 years in, at most, 3 of every 
10 patients identified and it may yield even more 
modest results in mildly symptomatic patients with 
mostly normal ventricles and a better prognosis. Hence, 
the cost per 4 year survivor (assuming a cost of $10,000 
for coronary bypass surgery) would be more than 
$50,000 for those selected for angiography because they 
had 1 mm or more S-T segment depression on exercise 
Stress testing, and it would be more than $65,000 if all 
patients with coronary artery disease underwent angi- 
ographic study (Table II). 

Implications of left main coronary disease: From 
these rough calculations, it would appear that a large 


scale screening program, designed to detect and operate 
on mildly symptomatic coronary patients with left main 
coronary artery disease, would be prohibitively expen- 
sive. However, it is probably unrealistic to expect a 
physician to make medical decisions regarding his in- 
dividual patients on the basis of the economic impact 
that decision will have on society as a whole, should that 
decision be applied in all similar instances. Resolution 
of the problem posed by a consistent “preventive 
medicine” approach to left main coronary artery disease 
is extremely difficult, if not impossible, given the basic 
conflict between individual patient benefit and pro- 
hibitive costs to society. In this regard, it should also be 
pointed out that although sudden death does occur in 
an asymptomatic or mildly symptomatic population, 
it is possible that only a small proportion of such deaths 
occur in patients with left main arterial stenoses.7? In- 
deed, in a recent study from Finland, Rissanen and co- 
workers?6 found that of 151 sudden deaths from coro- 
nary artery disease occurring outside of hospital, only 
5 percent had 50 percent or greater narrowing of the left 
main coronary artery.’© This prevalence of left main 
disease is similar to that determined by angiographic 
studies in living patien:s, raising the possibility that 
patients with left main disease are not at appreciably 
higher risk of sudden death than those with double or 
triple vessel disease. 


A Suggested Strategy for Evaluation and Surgical 
Treatment of the Patient With Coronary Disease 


Incomplete data currently available prevent the 
synthesis of a consistent and scientifically defensible 
strategy for the evaluation and treatment of all patients 
with coronary artery disease. Although many relevant 
facts have emerged over the past several years, re- 
maining uncertainties have provided a fertile environ- 
ment for the propagation of diverse strategies, without 
one qualifying as the “correct” approach. Nonetheless, 
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decisions must be made by the clinician, even though 
definitive data are unavailable. On the basis of our 
analysis, we have formulated a practical strategy for 
evaluating patients with coronary artery disease that 
seems reasonable. However, we realize that there will 
< always be exceptions, depending on an individual pa- 
tient's desires, emotional response to his illness, role 
expectations, plans for the future and, unfortunately, 
Chis financial resources. 

Patients with symptoms refractory to medical 
therapy: The patient whose life style is unacceptably 
restricted by angina, despite medical therapy, is a can- 
didate for coronary bypass surgery. Cardiac catheter- 
ization should be performed and the patient operated 
on if he or she is found to have suitable coronary arterial 
anatomy and left ventricular function. 

Patients with mild symptoms or previous major 
complication of coronary artery disease: If a patient 
on optimal medical therapy has mild symptoms of 
coronary artery disease, or has had a previous myocar- 
dial infarction, we recommend coronary and left ven- 
tricular cineangiography. Based on the cost-efficiency 
analysis presented in Table II, it might be reasonable 
to perform catheterization only in those patients with 
symptomatic coronary disease who have 1mm S-T 
segment depression or more during exercise, using a 
protocol in which exercise is stopped at symptoms or 
when 85 percent of maximal heart rate is achieved. 
Operation is offered to patients discovered to have 
significant disease involving the left main coronary ar- 
tery; the remaining patients are treated medically. 

Patients with no symptoms of coronary artery 
disease: We do not believe it is medically or economi- 
cally practical to sereen such patients for coronary ar- 
tery disease. However, many asymptomatic subjects 
come to attention because of a positive electrocardio- 
graphic exercise test performed as a routine part of an 
annual physical evaluation. This group presents the 
physician with a dilemma. Whereas 10 percent of 
asymptomatic men over age 40 years will have 1 mm or 
more S-T segment depression on electrocardiographic 
exercise stress testing, ^-9? only about one third of these 
subjects have 50 percent or greater stenoses as deter- 
mined with angiography.5^8? Although definitive data 
are unavailable, the prevalence of left main coronary 
arterial stenosis in such a population is probably not 
very great. More important, the data from the Seattle 
Heart Watch Study® previously quoted indicate the 
impracticality of identifying the individual asymp- 
tomatic high risk patient. Because of the resulting low 
yield of left. main coronary lesions that will be discov- 
ered, and the difficulty inherent in identifying the in- 
dividual asymptomatic patient at high risk, we do not 
routinely perform cardiac catheterization in such per- 
sons. We normally treat risk factors as vigorously as 
possible whenever these are detected, in the hope of 
retarding progression of disease or preventing its oc- 
currenee. 


Conclusion 


Conflicting facts and hypotheses, deficiencies of 
crucial information and, more recently, increasing 
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concern for the financial impact of medical decisions on 
a society whose financial resources are not limitless have -~ 
created much confusion regarding the role of surgery in 
patients with coronary artery disease. To us, these 
considerations justify a cautious approach to the 
treatment of such patients. Our orientation is based on 
the premise that the coronary bypass operation, an 
expensive procedure that carries with it a small but 
definite risk, should not be generally applied to all pa- 
tients with coronary artery disease until an adequate 
factual basis can be marshalled to justify such use. 


We believe, on the basis of the preceding analysis, 
that at present the only patients who should undergo 
coronary bypass surgery are those whose symptoms, 
despite medical therapy, significantly interfere with 
their leading a happy and productive life, and those who 
have significant narrowing of the left main coronary 
artery. Although there will always be exceptions, we do 
not believe it is justified to offer operation to the 
asymptomatic subject with coronary disease or to the. 
patient whose symptoms are well controlled with 
medical treatment and whose disease does not involve 
the left main coronary artery. Perhaps, in the near fu- 
ture, additional studies of risk predictors may lead to 
detection of high risk subgroups within the mildly 
symptomatic population. If such subgroups can be 
identified, the indications for operation may be 
broadened. 


The question of how the patient with left main cor- 
onary artery disease can be identified raises formidable 
cost problems. From a strictly medical point of view, we 
believe it would be reasonable to perform coronary an- 
giography on all patients with symptomatic coronary 
disease. 'The justification of this approach is that the 
risks are minimal and that it is the only technique at 
present that can unequivocally identify the patient with 
left main coronary artery disease. At the same time, we 
recognize the socioeconomic dilemma created by such 
an approach, in that the resulting financial burden to 
society would be prohibitive if angiography were offered 
to all symptomatic patients with coronary artery dis- 
ease. Exercise testing may offer a reasonable compro- 
mise, in that it appears capable of detecting all but 
about 10 percent of symptomatic patients with left main 
coronary stenoses. The saving in cost and utilization of 
angiographic facilities is not insubstantial. However, it 
would be unrealistic to assume that even this econo- 
mizing approach presents a financially feasible alter- 
native because the costs of screening for and operating 
on all patients with left main coronary artery disease 
would still be prohibitively expensive. Moreover, this- 
approach would probably not have an important overall 
impact on the incidence of sudden death from coronary 
artery disease because the huge majority of patients 
with coronary disease who die suddenly do not appear 
to have left main coronary artery disease. Clearly, . 
more effective noninvasive techniques must be devel- 
oped that will permit economical and accurate identi- 
fication of mildly symptomatic subjects at high risk of 
sudden death. 
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An Anniversary Memorial Essay to William Harvey 


One of the most significant contributions to medicine— William Harvey's 
concept of the circulation of the blood—was quietly announced early in 
the 17th century with the publication of a book, De Motu Cordis. This book, 
a culmination of thought, observation and controlled testing with con- 
clusions based on the results of repeated experiments, changed the course 
of medical thinking. 

The year just ended, 1978, presented at least two excellent reasons 
to commemorate and to honor Wiiliam Harvey. First, Harvey was born 
on April 1, 1578. and we celebrated tke 400th anniversary of his birth; 
second, 1978 aiso marked the 350th anniversary of the publication date 
of his epoch-making classic, De Motu Cordis. 


Truly a bold man, indeed, O 
disturber of the Quiet of Physicians! 
— Zachary Wood 


On June 3, 1657 death came to the great figure who unlocked the door 
for today's cardiovascular research. That man was William Harvey (Fig. 
1). Early in 1971 two California dealers in rare books together sold for 
$60,000 a slender, rather unattractive book that had been printed in 
Frankfort, Germany in 1628 by William Fitzer. This book, containing 
72 pages, badly printed on poor paper and in Latin, was written by 
Harvey. Commonly referred to as De Motu Cordis, the book presents 
his observations and demonstrations relating to his concept of unidi- 
rectional circulation of the blood in the body. With this concept and using 
scientific methodology, Harvey confronted and indisputably refuted 
what physicians up to that time had generally believed about the heart 
and the circulation. De Motu Cordis, one of the most important works 
in the history of medicine, helped to transform scientific medicine re- 
garding the human body. Almost every important medical advance in 
modern times is indebted to this book. 

Authors of great ideas have usually not been responsible for the to- 
tality of their ideas. To expect this would be to ignore the history of 
human knowledge. Man has built on the information delivered to him 
from previous generations to produce a fund of human knowledge. Thus, 
a great thinker does not start from nothing and construct ideas. He starts 
with the knowledge of his species and adds to it. The greatness of his 
contribution and the uniqueness cf his synthesis are measures of his 
genius. The eclectic nature of his contribution does not detract from his 
greatness. Thus it was with William Harvey. The world of ideas was 
changed after him and could not return to its previous ways. In an ex- 
ploration of the contributions of William Harvey it is interesting to 
survey the ideas that preceded him. We tend to make this kind of survey 
with little intellectual humility. Thas we can wonder how sucha bright 
man as Aristotle could fail to observe things obvious to us, or why Harvey 
did not reach his conclusions earlier. 


_ 1026 May 1979 The American Journal of CARDIOLOGY Volume 43 


The history of knowledge of the circulation falls into 
eras. In the first era, structural aspects were stressed and 
teachers were concerned with anatomy. In the second, 
mechanical aspects of the circulation were emphasized, 
and this was the era of Harvey. More recently, cardio- 
vascular research has been concerned with physiology, 
biochemistry and metabolism. As a result, patients have 
benefited from measurements of blood volume, cardiac 
catheterization, use of heart-lung bypass machines and 
transplantation of organs. For an appraisal of Harvey’s 
contributions, some historical background, starting with 
primitive man, is essential. 


Contributions by Early Man and Ancient 
Civilizations 


Early man: The anatomic and physiologic knowledgé of 
primitive man can be only a matter of conjecture. Animal 
figures found painted on the walls of caves often showed a 
heart, and some showed a kind of lifeline from the mouth to 
the heart. 

Egyptian contribution: The ancient Egyptians may have 
recognized the pulse and may have had some idea of circula- 
tion. The Edwin Smith Surgical Papyrus seems to recognize 
the heart as the center and pumping force in a system of dis- 
tributing vessels. Earlier Egyptian manuscripts mention the 
heart (“Papyrus Ebers,” c 1550 B.C.; “Brugsch Papyrus,” c 
1300 B.C.); however, both manuscripts describe it as a well 
from which vessels extend to the limbs.!?* ; 

Chinese contribution: The ancient Chinese seemed to 
have some understanding of circulation. The Nei Ching, In- 
ternal Classic or Canon of Medicine (authorship is tradi- 
tionally ascribed to Huang Ti, the Yellow Emperor, 2698-2598 
B.C.) contained the following statements: 


The blood current flows continuously in a circle and 
never stops. 

The blood cannot but flow continuously like the cur- 
rent of a river, or the sun and moon in their orbits. It may 
be compared to a circle without beginning or end.... 

The blood travels a distance of three inches during in- 
halation and another three inches during exhalation, 
making six inches with one respiration.? 


In spite of these provocative statements, the nature of the 
pulmonary and systemic circulations was not understood. In 
one passage in this classic,? the bloodstream is described as 
starting from the foot and circulating to the kidneys, heart, 
lungs, liver and spleen and from the spleen back to the kid- 
neys. 


Greek influence: Information about the heart and vascular . 


system, although incomplete, was known to the Greeks as 
early as 600 B.C. Alcmaeon of Crotona distinguished between 
arteries and veins and asserted that the seat of sensation was 
the brain, not the heart. In the Hippocratic writings and the 
pseudo-Hippocratic tract, De Corde (400 B.C.), the heart was 
declared to be a muscle. Animal dissection was employed, and 
the heart was noted to be part of the vascular system. Several 
observers had noted empty arteries after death. They inferred 
that arteries normally contained air.?>4 
Herophilus of Alexandria used a water clock to time the 
pulse, and he noted systolic and diastolic phases. He described 
four properties: frequency, rhythm, size and strength. 
Erasistratus of Alexandria (c 310-250 B.C.) described the 
atrioventricular valves and the chordae tendineae. The sem- 
ilunar valves had already been described in De Corde. His 
description of arteries and veins is accurate enough to suggest 
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FIGURE 1. Bronze bust of William Harvey owned by the Mayo Medical 
Library. 


that he dissected human bodies. He described the mode of 
closure and the purpose of the valves and even postulated a 
kind of anastomosis between arteries and veins, anticipating 
the need for the capillary circulation. In spite of these obser- 
vations he was directed by the ancient Ionian notion that ev- 
erything in the universe is in a state of flux—that cosmic and 
organic processes move in cycles.” It is important to note 
that one by-product of the era just before Erasistratus, circa 
300 B.C., was the separation, for the first time, of scientific 
investigation from philosophy. 


Early Individual Contributors to the Concept of 
Circulation 


Aristotle (384—322 B.C.): Aristotle presented an account 
of the vascular system, coherent for his day. He described the 
pericardium and the general outline of the heart but did not 
mention the valves. He had no clear concept of the circulation, 
yet he believed that the body was nourished by the blood and 
that the blood flowed from the heart to the rest of the body 
where most of it was used up. Some statements in Aristotle's 
account are accurate and others are grossly wrong. This should 
not cause surprise. The subject of blood and the function of 
respiration had been full of mystery and fable since prehistoric 
times. The wonder is not that things were so wrong but that 
so many observations were correct. If we consider that a 
master such as Aristotle was thusly mistaken, it serves to ex- 
plain the slow learning process of the human species.2c62.7a 

Galen (131-201 A.D.): Galen came from Asia Minor to 
Rome and exerted tremendous influence throughout the 
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Western world. As late as 1649 one of his followers (Riolan) 
said that if findings in subsequent dissections differed from 
the observations of Galen, then nature must have changed.?e 
However, scholars in the 18th and 20th centuries called him 
an authority to whom the world owed a perpetuation of fun- 

damental errors that caused arrest in medical development.?^ 
Neither point of view is realistic and there is no simple exercise 
by which one can discover the "real" Galen. He did carry out 
experiments, dissections aid vivisections. He made many 
observations and many contributions. Yet, in spite of much 
evidence, he missed the idea of circulation of the blood. He 
recognized the motion of blood and knew the correct direction 
of flow at the level of the heart. Somehow he did not recognize 
the inadequacies of his scheme. 

In the 17th century, when Harvey developed arguments 
about the circulation, they were expressed largely in opposi- 
tion to Galen. Some of these were accurate accounts of Galen’s 
beliefs and some were not. Galen's theory of the motions of 

-the blood in the heart and lungs was summarized by Fleming 
-as follows®.* 


Blood on entering the right ventricle must pass by a one- 
way valve opening inward, so that only an insignificant 
portion can relapse into the vena cava whence it came. 
Some of the blood passes directly from right to left 
through the interventricular septum. But much, and ap- 
parently most, of the blood moves into the arterial vein 
(our pulmonary artery) past a one-way valve opening out- 
ward from the ventricle. On contraction of the thorax, the 
blood in the arterial vein, its retreat cut off from behind, 
can only go forward into the arterial system of the lungs 
(in modern usage, venous). 


|. Galen subsequently abandoned the idea that a significant 
_ amount of blood passed through pores in the interventricular 
«septum, although this was accepted for many centuries and 
was a specific point singled out by Harvey for attack. 

SS Ibn-al-Nafis (e 1210-1288): Ibn-al-Nafis studied medicine 
iin Damascus, where he lived, and in Cairo. He was a physician 
and excelled additionally in languages, philosophy, Moslem 


- canon law, tradition and rhetoric. He wrote at least 10 books 


«on medical subjects and a volume entitled The Perfect Man, 
“in which he expounded a kind of theory of the pulmonary 
* circulation. He was not a biologie experimentalist. He did not 
engage in dissection because of the prevailing religious laws 
and an inherent personal compassion. His observations and 
studies appear to be dependent on Galen's research and rec- 
` <ords. He had a high opinion of Galen's work. 
-> According to Ibn-al-Nafis, the heart created spirit from thin 
-< blood. Blood went to the right side of the heart where it was 
_ thinned. It could not pass directly to the left ventricle because 
openings to permit this did not exist. According to him, the 
blood flowed from the right ventricle to the lungs and back to 
__ the left side where it was concocted with animal spirit and 
^ distributed to the organs to animate them. Interestingly, he 
. denied that flow occurred across the ventricular septum be- 
_ cause there were no apparent pores, but he was ready to per- 
mit the existence of pores in the pulmonary artery (capillar- 
ies), although they were no more visible there. 
Ibn-al-Nafis was aware of the anatomic facts as was Galen. 
-He stated that blood is made by the liver and passes to the 
right ventricle. He explained the thick pulmonary artery as 
_ Galen did, that is, by the flow of blood from the pulmonary 


3 * According to Fleming, Galen's views on the motion of the blood 
in the heart and lungs have been misconstrued by many historians. 








artery to the lungs. Thus, Galen knew that air was essential 
and that blood flowed from the pulmonary artery to the left 
ventricle and thence to the entire body. However, he did not 
develop these ideas anc left only a blur regarding the details. 
Ibn-al-Nafis, using the same information, called attention to 
the pulmonary circulation. This glare of brilliance was ap- 
parently isolated, and this subtle change in emphasis was not 
noticed or not continued by his own students and associates. 
The subject was rediscovered 200 years later by someone 
unfamiliar with Ibn-al-Nafis and his insights.2#-7¢ 

Leonardo da Vinci (1452-1519): Leonardo is said to have 
dissected 30 cadavers and to have made nearly 800 anatomic 
drawings. He and a friend intended to publish a treatise on 
anatomy, but this was never accomplished. Most of his 
drawings were not published until early in the 20th century. 
He thought of the heart as a pump and believed that the 
heartbeat and the pulse were synchronous. The drawings were 
superb, but their influence was late and restricted.2* 

Michael Servetus (c 1509-1553): Servetus was born in 
Spain and before he was 21 years of age he managed to offend 
both the Lutheran and the Catholic authorities in Europe with 
his theologic treatises. He made few friends and many enemies 
and went to Paris under a pseudonym. He was engaged fora 
time as a prosector but his dissections were “conventional and 
perfunctory.” Medically and anatomically he was a tradi- 
tionalist and a Galenist. He reached his conclusions by intel- 
lectual exercise. He was interested mostly in controversy, 
particularly in religion. The great truth of the pulmonary 
circulation seems tc have occurred to him almost accidentally. 
Although he published the first description of the lesser cir- 
culation, his influence was limited because the book in which 
he published it was destroyed. The book, primarily a contro- 
versial religious text, was opposed by both Catholic and 
Protestant authorities in Europe, the anatomic text being only 
a small part of the book. He was executed for heresy in Geneva 
under the direction of Calvin. Of 1,000 copies of his book, 
Christianismi Restitutio (1553), only 3 still exist. 7d 

Matteo Realdo Colombo (Realdus Columbus) (1516- 
1559): Colombo succeeded Vesalius as professor of anatomy 
at Padua. Colombo's single book, De Re Anatomica (1559), 
was based on examination of 1,000 cadavers, according to his 
statement. It is well organized, and he was cited by Harvey as 
a master. 

Colombo was an observer and an investigator. He thought 
independently and was willing to follow logic and his inves- 
tigations to their conclusions. However, he was thoroughly 
Galenic in his outlock. He believed that the liver perfected the 
nutrient blood distributed by the veins, that the left ventricle 
dispatched vitalized blood by way of the aorta and that blood 
was thinned in the lungs, where it was also aerated. His de- 
scription of the valves was precise, and he stated that because 
of the valves it was known that the blood passed through the 
heart. He noted that the pulmonary artery carried blood to 
the lungs and the pulmonary vein returned blood mixed with 
air to the left side. He did not describe any means of demon- 
strating his claim. He accepted the existence of septal pores 
and believed that the pulmonary artery originated from the 
liver and not from the heart."* 

Andrea Cesalpino (c 1519-1603): Cesalpino was a student 
of Colombo's and was thoroughly grounded in anatomy and 
dissection. Thus it is not surprising that he knew about heart 
valves and had some understanding of their purpose. He also 
described the pulmonary circulation, as had Servetus and 
Colombo. The extent of his contribution to the general un- 
derstanding of the circulation of the blood is disputed. For 
some medical historians, he came close to equaling Harvey. 
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For others, he was another thinker who was interested in a 
great variety of subjects and who identified his ideas primarily 
with Aristotle but who never approached the circulation as 


e we know it. In any case it appears that he was the first to use 


the term "circulation." 
; The first book containing mention of the pulmonary cir- 
-culation was Quaestionum Peripateticarum (1571): 


-Therefore the lung draws the warm blood from the right 
ventricle ef the heart through a vein resembling an artery 
[the pulmonary artery] and returns it through the venous 

"artery [the pulmonary vein] to the left ventricle of the 
heart. ... To this circulation of the blood from the right 
ventricle of the heart through the lungs into the left ven- 
tricle of the same, [the findings] from dissection fully cor- 
respond. ... Thus the whole system is beautifully or- 
dered. Since it is necessary to have heat in the blood of the 
heart in erder to bring about the perfection of the nutri- 
ment, ... blood is transmitted from the right side of the 
body to the left, partly through the septum and partly 
through the inner tissue of the lungs, for the sake of being 
cooled.” 


A later book, Quaestionum Medicarum (1593), also men- 


- tioned veins, arteries and the pulmonary circulation. Cesal- 


... pino noted that when a vein was ligated it distended below and 

— not above the ligature. Somehow, in spite of almost the com- 
plete concept, he did not draw the conclusion that the 
bloodstream in the veins always leads to the heart. He con- 
tinued in his attitude of intellectual servility to Aristotle and 
could not ase even his own research and observations to full 
advantage: His style is ponderous and vague, which has per- 
mitted a group of admirers to claim that he made revolu- 
tionary discoveries and teachings in regard to the vascular 
system. His contemporaries did not regard him in this way and 
he made no claim to it himself.?h.65.7f 

Carlo Ruini (?1530-1598): Ruini, a senator, published a 
veterinary work, Dell'Anatomia e Delle I nfermita Del Cavallo 
[The Anatomy and Diseases of the Horse], shortly before his 
death in 1598. It describes the pulmonary circulation. He 
stated that the function of the right ventricle was to propel the 
blood and nourish the lungs, whereas the function of the left 
ventricle was to receive the blood from the lungs and send it 
through the arteries to all parts of the body. He also discussed 
the valves of the heart and their function in clear, precise and 
physiologically accurate terms. His book was widely read and 
republished into the 18th century. Apparently it was read by 
veterinarians but had had limited appeal otherwise. Its in- 
fluence on the general field of medicine appears to have been 
limited. 9-!! 

Hieronymus Fabricius ab Aquapendente (1553-1619): 
Fabricius was a talented and productive scientist. He con- 
tributed heavily to embryology and established the founda- 
tions of comparative embryology. He was Harvey’s teacher 
of anatomy at Padua. He demonstrated valves in veins and 
described them carefully. He expressed wonder that they had 
never been noticed before. (They had been noticed but ref- 
erences were vague and no real attempts had been made to 
explain their purpose.) Fabricius noted that the veins opened 
in a direction facing the heart but from this point on the de- 
velopment of the idea was left to his pupils. Fabricius incor- 
porated the veins into his Galenic framework. He believed that 
valves helped to distinguish the nutritious venous blood and 
that they acted to prevent dilatation of veins which otherwise 
would have resulted as blood rushed into areas needing 
prompt nourishment. He believed that blood flowed outward 
from the liver and the heart and that some organs lacked 
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valves (in their veins) because they required an uninterrupted 
supply of nourishment.?^ 

Many of the same Galenic ideas were held by Harvey, and 
the ideas relating to the true purpose of the venous valves 
required some years to mature. The next steps seem to us like 
small ones, and the wonder is, as expressed by Fabricius about 
the valves, that no one had noticed them before. The fabric 
of science is formed from many, often minor contributions and 
by communication. Often the result of a discovery is not no- 
ticed or is misunderstood at the time it is made. Each funda- 
mental idea is like a landing in a staircase which fosters new 
and greater enlargement. Thus it was with Harvey's new 
concept, which was to have explosive potentialities. 


William Harvey 


William Harvey, whose memory we honor herein, was 
born April 1, 1578, in Folkestone, Kent, England. He 
received his primary education in the grammar school 
of Canterbury and in 1593 he became a student at Caius 
College, Cambridge. Dr. Caius, the founder and master 
of that college, taught Greek. Moreover, he introduced 
the study of practical anatomy to England and, through 
his influence, the college was allowed annually to use the 
bodies of two executed criminals for purposes of dis- 
section. Harvey received his bachelor of arts degree from 
Cambridge in 1597. Possibly Dr. Caius’s teaching of 
anatomy at Caius College influenced Harvey in the 
choice of his career, for he decided on medicine. It was 
probably the fame of Padua’s school of anatomy that 
took Harvey there about 1598. It had been made famous 
by Vesalius and, in Harvey’s time, its fame was per- 
petuated by Hieronymus Fabricius ab Aquapendente. 
In De Motu Cordis, Harvey referred to Fabricius, his 
former teacher, as a “celebrated anatomist.” Years later 
Harvey expressed to Robert Boyle, the noted chemist, 
that the great teacher’s work on the valves in veins 
stimulated him to investigate the mystery of blood 
circulation.” 

Harvey, in 1602, received his diploma as Doctor of 
Physic from Padua. Apparently he had made a good 
impression on his superiors. In the diploma it stated 
that he had conducted himself so wonderfully well in the 
examination and had shown such skill, memory and 
learning that he had far surpassed even the great hopes 
that his examiners had for him. 

In the same year that Harvey was granted a degree 
from Padua, he returned to England and received the 
degree of Doctor of Medicine at Cambridge. In 1604, he | 
settled in London and married the daughter of Lancelot 
Browne, physician to Queen Elizabeth and James Lin 
1607 he was elected a fellow of the College of Physicians 
and, in 1609, was appointed physician to St. Bartholo- 
mew’s Hospital. This position he held for 36 years. 

In 1615, Harvey was appointed Lumleian lecturer, a 
highly esteemed position under the sponsorship of the 
College of Physicians. He continued in this lectureship : 
for 41 years. In 1618 he was appointed physician-ex- - 
traordinary to James I and, after the death of this 
monarch, Charles I appointed Harvey physician-in- - 
ordinary. The manuscript notes of his first lectures are - 
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FIGURE 2. A photograph of a panel in the stained glass window on the 
east wall of Balfour Hall in the Mayo Foundation House in Rochester, 
Minnesota, the former home of Dr. and Mrs. W. J. Mayo. This panel 
depicts Harvey demonstrating the heart and the process of circulation 
to King Charles |. (For a detailed description of the window see Balfour 
DC, Keys TE: A stained glass window on the history of medicine. Bull 
Med Libr Assoc 32:488, 1944. [reprinted by permission]). 


now in the British Museum and they have been repro- 
duced in facsimile. These notes reveal that, by 1616, 
Harvey had dissected more than 80 different kinds of 
animals and also had developed many preliminary 
thoughts concerning the heart and the circulation of 
blood. 

Harvey, at least formally, did not publish these early 
thoughts but continued his teaching programs and re- 
search. There is little doubt that at the same time ideas 
on circulation of the blood were fermenting and crys- 
talizing in his mind as he scientifically confirmed his 
theories concerning them. 

Harvey finally saw fit to publish his great work on the 
circulation of the blood, and in 1628 in Frankfort his 
well organized book on this subject was published. (A 
book fair in that city offered special facilities for pub- 
lication and good possibilities for a large circulation.) 
As mentioned by Garrison,!3 this work not only gave 
proof of the circulation but it was the first quantitative 
measurement in any biologic investigation and gave 
impetus to the rise of physiology. The essence of Har- 
vey’s remarks was that the blood enters the right side 
of the heart, is pumped through the lungs to the left side 
and, from there, is forced through the arteries to the 
body, returning through the veins to the heart, and the 
whole process is repeated (Fig. 2). 
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FIGURE 3. Title page of first English edition of Harvey’s Anatomical 
Exercises. From copy owned by Mayo Medical Library. (From Harvey 
W: Anatomical Exercises, Concerning the Motion of the Heart and Blood. 
London, Francis Leach, 1653.) 


We shall briefly review Harvey’s De Motu Cordis, as 
translated by Leake,!4 which gives the most modern 
outlook of the various translations.* 

In his introduction, Harvey stated that what others 
had said and what was traditionally believed should be 
reviewed. Former correct beliefs should be confirmed 
and incorrect beliefs made right “... by anatomical 
study, repeated experiment, and careful observation. 
...” Ma Harvey clearly pointed out the relation between 
function and structure: “Since the movements and 
structure of the heart differ from those of the lungs,... 
separate functions or purposes are likely.” 14b A hint 
concerning the path of the blood reads: “In cutting open 
an artery it is equally clear that the blood escapes in one 
continuous direction. . . .” 14¢ Harvey demolished the 
Galenic theory of perviousness of the septum: 


* Other English translations include the first, translator unknown, 
published in 1653 (Fig. 3), and reprinted in 1673 and again in 1928 by 
the Nonesuch Press; the second, a translation by Michael Ryan, was 
published in the London Medical and Surgical Journal, 1832-1833; a 
third, by Robert Willis, first published in 1847, and Chauncey D. Leake's 
translation in 1928. For complete descriptions see A Bibliography of 
the Writings of Dr. William Harvey. 5 
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FIGURE 4. Illustrations (Fig. 1 through 4) from 
folding lea? in Harvey's De Motu Cordis. From the a 
1643 edition owned by Mayo Medical Library. es 


The blood is supposed to ooze through tiny pores in the 
septum of the heart from the right to the left ventricle, 
while the air is drawn from the lungs by the large pulmo- 
nary vein. According to this many little openings exist in 
the septum of the heart suited to the passage of blood. 
But, damn it, no such pores exist, nor can they be demon- 
strated! 144 


A convincing argument for the lesser circulation 
was presented: “Why require invisible pores and ob- 
scure uncertain channels to get the blood to the left 
ventricle when there is such a wide open passage 
through the pulmonary vein?” !4e 

In chapter I, Harvey told of the difficulties of cardiac 
research with which many modern investigators agree. 
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For instance, in animals he could not really tell when 
systole or diastole took place because of the rapidity of 
cardiac action. But by meticulous care and repeated 
experiment he gained accurate information. 

In chapter IV, Harvey discussed the motion of the 
heart and auricles in animals. Here, according to Leake, 
Harvey issued the first clear statement on the origin and 
conduction of the heartbeat: “The movement seems to 
start in the auricles and to spread to the ventri- 
cles.” 14f 

Chapter VI is devoted partly to consideration of the 
passage of blood from the right ventricle of the heart to 
the left. Harvey declared that anatomists made many 
errors in generalizing from dissections of human bodies 
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alone and that dissection of lower animals cleared up 
many perplexing problems. 


Chapter VII is on the passage of blood through the 
lungs from the right ventricle of the heart to the pul- 
monary vein and left ventricle. The author's reasoning 
is characteristic: *. .. Nature was compelled, when she 
wished to filter blood through the lungs, to add the right 
- ventricle, whose beat should force blood from the vena 
cava through the lungs into the left ventricle.” 148 


In chapter VIII, Harvey published his observation 
that the heart will pump blood in excess of what can be 
manufactured from the digested food. Here, too, is 
definition of the functions of arteries and veins: "The 
arteries are the vessels carrying blood from the heart to 
the body, the veins returning blood from the body to the 
heart. . .." 14h Chapter IX also has to do with quanti- 
tative determinations. 


Chapters X through XII contain the record of how, 
_ by vivisection and ligature, the greater circulation was 
< studied and Harvey's view of the necessity for capillary 

anastomosis. On this latter point, Harvey's work was 
confirmed in 1660 by Malpighi, who used the micro- 
scope. In chapter XIII Harvey explained the true 
functions of the valves of the veins (Fig. 4). 


.. Harvey's findings are given in chapter XIV, and in 
chapter XV is his confirmation of the circulation of the 
blood by plausible methods. 


In chapter XVI, circulation of blood is related to the 
practice of medicine. Harvey believed, for instance, that 


. contagions from wounds were carried by the blood 


through the whole body. 


The circulation of the blood, according to Harvey, 
also explained why some medicinal agents applied to the 
skin have almost as much effect as those taken orally. 

. Harvey further stated: “It opens up a field so vast that 
‘were I to scan it further or investigate it more fully this 
little effort would swell to a huge volume which perhaps 


Would take more than my ability or span of life to fin- 
ish." Hi 

Chapter XVII, the concluding chapter, contains 
discussion of comparative physiology of the circulation 
in man and lower animals. 

In the blood circulation concept that Harvey con- 
ceived of and proved, the only really important missing 
points were proof of the existence of the capillaries and 
the knowledge that blood was a vehicle for oxygen. 

Harvey's book aroused great controversy in its day. 
He was severely attacked by traditional thinkers of his 
time. It is said, also, that his prestige as a physician 
suffered because of the storm of controversy. Harvey 
was extremely patient about replying to his critics, ig- 
noring all of them except John Riolan, professor of 
anatomy at the University of Paris. Keynes’s!® bibli- 
ography on Harvey contains a reference to Riolan, who 
wrote a criticism in 1648, and Harvey replied in 1649. 
Riolan's views are better stated in his Opuscula Ana- 
tomica Nova published in 1649. The French anatomist 
entertained no doubts about the circulation. However, 
he questioned whetherthe whole blood or only a portion 
of it circulated; he raised questions about the speed of 
its transit and about its passage through the septum and 
through the substance of the lungs. Riolan was still 
guarding the ancient medical tradition of Galen. Even 
though Harvey added more observations to prove his | 
doctrine, Riolan probably refused to accept the truth 
as Harvey saw it. 

Harvey continued to be enterprising throughout his 
long life. In 1634, his testimony resulted in the par- 
doning of four convicted “witches.” In 1635 he per- 
formed necropsy cn the body of Thomas Parr, who is 
said to have lived 152 years. In the early part of the Civil 
War (1642) a mob attacked his house, stole his goods, 
and scattered his papers. In 1651 his essay “De Gener- 
atione Animalium," a treatise on embryology, was 
published. He died of a cerebral hemorrhage on June 
3, 1657 and was buried in the family vault at Hampstead 
in Essex. 
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Electrophysiologic studies were performed in a 41 year old man for. — 
analysis of paroxysmal tachycardias appearing in various electrocar- : 
diographic patterns of supraventricular and ventricular bigeminy, junctional 
and ventricular tachycardia and atrial fibrillation, among others. All these 
arrhythmias were due to dual atrioventricular (A-V) nodal pathways with __ 
simultaneous dual fast and slow conduction of single atrial beats ata 
normal basic sinus rate. Moderate changes in sinus rate and in fast or slow - _ 
pathway conduction times, or both, changed the position of the slowly - 
conducted beats between the neighboring two fast conducted beats and . 
resulted in various electrocardiographic manifestations of the conduction — 
disturbance. Different blocks, such as second degree type i, 2:1, 3:1 and 
possibly also type ll, in one of the two pathways and occasionally aberrant 
conduction induced even more unusual tracings. After intravenous in- — 
jection of 25 mg of ajmaline, unexpected lengthening and shortening of 
the A-H interval occurred, suggesting variable shifts between fast and 
slow pathway conduction. ; 
The incidence of dual A-V nodal pathways is discussed; it was docu- — 
mented in 17 (4.2 percent) of 405 patients studied. A theoretical model 
of A-V nodal conduction is proposed to explain its normal properties and 
abnormal patterns. l 


Conduction studies in several laboratories have shown that atrioven- > 
tricular (A-V) nodal conduction can longitudinally dissociate into a fast : 
and a slow pathway, causing two different P-R intervals and giving rise _ 
to paroxysmal reentrant A-V nodal tachycardias.!-1? In this paper we- 
analyze the electrophysiologic properties of the fast and slow A-V nodal. < 
pathways in a patient who presented runs of nonreentrant tachycardias | 
due to dual A-V nodal pathways. In addition, we discuss the incidence- 
of this phenomenon and propose a model for A-V nodal impulse con-.- 
duction. 


Case Report 


The patient was a 41 year old man without a history of any serious illness such 

as scarlet fever, diphtheria or rheumatic fever but a history of moderate ethanol -. 
consumption and of a gout attack a year earlier. For the last few years he had 

paroxysmal pulse irregularities often in connection with emotional stress together |. 
with palpitations and sweating. On January 13, 1978 he was admitted toa city — 

hospital for myocardial infarction, but this diagnosis was excluded. There were —— 
many rhythm troubles in the form of multifocal ventricular and supraventricular: 
premature beats and short runs of ventricular tachyeardia: These rhythm dis 
turbances were resistant to several antiarrhythmic drugs. He therefore was ad- 
mitted to our center for further evaluation on April 16, 1978. Physical exami- 
nation as well as chest X-ray films and laboratory data, showed normal find 
ings. ; Un 
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NONREENTRANT TACHYCARDIAS WITH DUAL PATHWAYS—CSAPO 


Electrophysiologic Studies 


Three days after discontinuation of administration of car- 
diac drugs, the patient underwent. the first of two electro- 
physiologic studies: Under fluoroscopic control a tripolar 
catheter with electrode distances of 10 mm was introduced 
into the right atrium by way of the right femoral vein and was 
placed across the tricuspid valve for two His bundle record- 
ings: bipolar leads of the first and second electrodes (HBE;) 
and of the second and third electrodes (HBE»). A quadrupolar 
electrode catheter with interelectrode distances of 10 mm was 
introduced by way of the same femoral vein into the high right 
atrial position for recording and for stimulation. The high 
right atrial and His bundle electrograms were simultaneously 
recorded with leads II and V; of the surface electrocardiogram 
on a multichannel system mounted with an ultraviolet 
(Honeywell) and direct (Hellige) recorder. In addition, re- 
cordings were stored on an eight channel tape system to fa- 
cilitate documentation by replay at the most appropriate 
paper speed. Measurements were done also on records with 
a paper speed of 100 mm/sec when they appear at slower 
speeds in this paper. Pacing was performed by stimuli of 
two-fold diastolic threshold. 

Refractory periods and echo zones were measured with the 
extrastimulus technique with stimuli delivered after every 
eighth beat. The coupling interval started at the spontaneous 
P-P interval and was decreased by 5 to 20 msec increments. 

His bundle pacing was performed to validate the His po- 
tential according to the method of Narula,!! and right ven- 
tricular pacing for measuring the intervals of retrograde A-V 
conduction. The conduction intervals were repeatedly de- 
termined in the same sequence, first after administration of 
metoprolel (Lopressorf, Geigy Pharmaceuticals) and subse- 
quently after additional administration of atropine (combined 
beta adrenergic and parasympathetic blockade, the so-called 
“intrinsic state"). The electrophysiclogic study was repeated 
after 10 days to test the effect of lidocaine, verapamil and 
ajmaline on A-V conduction and the arrhythmias. 


Special Definitions 


The A-V nodal conduction curve is a graphic presentation 
of the result of programmed stimulation obtained by plotting 
the À;-A» intervals against the H,—Hp intervals. Dual A-V 
nodal pathways are diagnosed when there are spontaneous 
sudden changes in the P-R interval and the A-V nodal con- 
duction curve is discontinuous at basic cycle lengths. Latent 
dual A-V nodal pathways are suspected when sudden unex- 
pected changes in the H-H interval occur at high frequency 
atrial stimulation or the A-V nodal conduction curve shows 
a discontinuity only during programmed stimulation at a 
driven atrial rate of 100/min cr more or after beta adrenergic 
blockade or in the “intrinsic state,” or both. 


The Patient's Arrhythmias 


In addition to a total of 72 hours of Holter monitoring, nu- 
merous electrocardiograms were recorded that were read be- 
fore the conduction study was performed. These revealed a 
variety of arrhythmias, including sinus rhythm with supra- 
ventricular premature beats and supraventricular bigeminy; 
sinus rhythm with ventricular bigeminy (Fig. 1A); supraven- 
tricular tachycardias (Fig. 1B}; atrial fibrillation with ven- 
tricular premature beats and occasionally aberrant conduction 
and intermittent complete A-V block with junctional escape 
(Fig. 1, C and D); sinus rhythm with second degree A-V block, 
Mobitz type I and II, and junctional escape beats (Fig. 1E); 
and sinus rhythm with supraventricular and polymorphic 
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ventricular premature complexes (Fig. 1F). All of these ar- 
rhythmias could be observed in the course of the two con- 
duction studies; none of them had mechanisms other than 
sudden shifts in the dual A-V nodal conduction pathways or 
simultaneous conduction resulting in double ventricular re- 
sponses. 


Results of The Conduction Study 


At asinus rate of less than 65/min the A'-A (P-A) conduc- 
ticn interval was 30 msec, the A-H interval 126 msec, and the 
H-V interval 60 msec. At a sinus rate of more than 75/min the 
A’-A (P-A) and H-V intervals remained unchanged, whereas 
the A-H interval suddenly increased to 440 msec. In the range 
between these two rates a spontaneous sudden prolongation 
and shortening of the A-H interval was repeatedly observed 
(Fig. 2). Sometimes longer Wenckebach periods occurred in 
the fast pathway before the slow pathway took over. On other 
occasions the shift took place without prior A-H and P-R in- 
terval prolongation, suggesting a type II block in the fast 
pathway conduction. The change from slow to fast pathway 
conduction was mostly preceded by moderate shortening of 
slow pathway conducticn (see also Fig. 6). 

During the course of programmed atrial stimulation a 
sudden prolongation of the H,-H; and A;-H; intervals ap- 
peared at a prematurity of 830 msec. When the prematurity 
was increased to 760 msec two groups of H,-H» responses were 
recorded: One was consistent with the usual A-V nodal (fast 
pathway) conduction (circles in Fig. 3) and the other with slow 
pathway conduction, showing a significant prolongation of the 
A-H; interval (squares in Fig. 3). A further increase of pre- 
maturity resulted in pure slow pathway conduction until A-V 
conduction ceased at 540 msec, that is, the fast pathway ef- 
fective refractory period was 760 msec, and the slow pathway 
effective refractory period 560 msec, with an overlapping 
period of 830 to 760 msec. 

Simultaneous fast and slow pathway conduction appearing 
occasionally, created the picture of premature supraventric- 
ular complexes, and, if conducted aberrantly, premature 
ventricular complexes. Longer unbroken periods of combined 
fast and slow conduction resulted in supraventricular or 
ventricular bigeminy (Fig. 1À and 4). When the slow pathway 
conduction time divided the sinus cycle length into two halves 
(Fig. 5) and the P waves were hidden in the T waves of the 
siowly conducted ventricular beats, the typical picture of a 
junctional tachycardia occurred in the surface electroeardi- 
ogram (Fig. 1B). 

Permanent slow pathway conduction with periodic block 
(2:1, 3:1, and so forth) in the fast conduction pathway imitated 
a junetional rhythm with premature complexes or even atrial 
fibriliation with premature ventricular complexes and occa- 
sionally aberrant conduction (Fig. 1, C and D, and 6). 

Effects of drugs on rate and rhythm: After beta adren- 
ergic blockade with a-single intravenous dose of 10 mg of 
matoprolol the sinus rate slowed from 72 to 62 beats/min. The 
fast pathway effective refractory period increased to 860 msec 
and the slow pathway effective refractory period to 740 msec, 
with an overlapping period of 900 te 860 msec. Additional 
intravenous administration of 2 mg of atropine (intrinsic heart 
state) decreased the fast and slow pathway effective refractory . 
periods to 680 and 670 msec, respectively, with an overlapping 
period of 715 to 680 msec. The sinus rate reaccelerated to 78 
beats/min. 

Lidocaine given in a single intravenous dose of 150 mg did - 
noi result in any changes in conduction or in arrhythmias. 
With a single intravenous cose of 5 mg of verapamil the fast 
and slow pathway refractory periods increased to 810 msec 
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< FIGURE 1. Electrocardiograms and rhythm strips taken before the conduction study and interpreted as follows: A, normal sinus rhythm with ventricular cUm 

-bigeminy; 3, junctional tachycardia; C, atrial fibrillation with occasionally aberrant conduction; D, atrial fibrillation with intermittent complete AV : 
block and junctional escape; E, sinus rhythm with second degree block, types | and Il, and junctional escape; and F, sinus rhythm with supraventricular 
and ventricular premature beats, second degree type | block, concealed conduction and short runs of ventricular tachycardia, with occasional junctional f 
rhythm. Paper speed 50 mm/sec {A to D and E;), 25 mm/sec (E4), and 10 mm/sec {F}: 
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and 690 msec, respectively, and the overlapping period dis- 

appeared. First degree block within the His bundle was indi- 

e cated by a prolonged H-V interval with a normal QRS com- 

? = plex. Under the influence of verapamil split His and higher 

degree His bundle block occurred in the slow conducted beats 

~ if these were preceded by fast conduction of the same atrial 

beat (Fig. 5). 

- -After intravenous administration of 25 mg of ajmaline A-V 

:: nodal conduction became chaotic; in addition to fast, slow and 

- simultaneous dual conduction, unexpected lengthening and 

shortening of A-V nodal conduction occurred, with A-H in- 

tervals ranging from the fast to the slow conduction time seen 

previously (Fig. 7). These changes also made it impossible to 
plot the A-V nodal conduction curve. 


Discussion 


Longitudinal dissociation of A-V nodal conduction 
was demonstrated in the animal experiments of Moe et 
, al} and Resenbluth and Rubio?: The existence of two 
. © A-V nodal pathways with different electrophysiologic 
| properties had to be assumed to explain the echo beats 
|. occurring after premature atrial or ventricular stimu- 
lation at a critical interval. Mendez et al., studying the 
characteristics of ventricular echoes by direct His 
bundle stimulation, found the phenomena often enough 
to propose that longitudinal dissociation can be incited 
in the normal A-V node and is not an unusual pathologic 
pattern. As early as 1943, Barker et al.!? postulated a 
reciprocation of echoes through the A-V node in ex- 
plaining the mechanism of A-V nodal tachycardia. 

A-V nodal reentry and rate of longitudinal A-V 
nodal dissociation: Mendez et al? defined the neces- 
sary conduction criteria for the repetition of the echo 
phenomenon (that is, for the development of a reentry 
circuit), as follows: (1) The round trip conduction time 
must exceed the refractory period, and (2) lateral 
propagation (short circuit) of the circling impulse must 
be impossible. Rosen et al.’ demonstrated dual A-V 
nodal pathways in an electrophysiologic study in a pa- 
tient with two different P-R intervals during atrial 
stimulation. They also proved the principal role of 
' longitudinal A-V nodal dissociation in the genesis of 

some cases of tachycardia and described the disconti- 
nuity of the A-V nodal conduction curve as a typical 
electrophysiologic manifestation of dual A-V nodal 
pathways. 7-9.12-?! Since this first observation in human 
subjects, other investigators???? have successfully 
demonstrated dual A-V nodal pathways in patients with 
. reentrant tachycardias as well as in patients with no 
“tachycardia. 

Incidence of dual A-V nodal pathways: The real 
incidence of this pattern cannot yet be determined, 
because newly realized manifestations of longitudinal 
dissociation? as well as provocative methods for dem- 
onstrating dual A-V nodal pathways—premature 
stimulation during a high driving atrial rate!* or con- 
duction studies after beta adrenergic blockade??— have 
. only begun to be described. 
|. Rosen et al. disclosed patterns of dual A-V nodal 
pathwavs in 41 (10.3 percent) of their 397 patients 
studied with atrial extrastimulus techniques; 17 (41 
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FIGURE 3. A-V nodal conduction curve (A;~Az intervals plotted against 
H-H intervals) during basic sinus rate. Closed circles = fast pathway 
conduction and closed squares = slow pathway conduction after 
stimulation at basic fast pathway conduction. ms = milliseconds. 


percent) of these 41 patients had had documented 
paroxysmal supraventricular tachycardias. Bisset et 
al.2 demonstrated dual A-V nodal pathways in 7 of 13 
patients with paroxysmal supraventricular tachycardia 
and in 9 of 135 patients without tachycardia. Dual re- 
sponses of A-V nodal conduction were observed by In- 
gham et al.” in 7 of 13 patients with idiopathic hyper- 
trophic subaortic stenosis. In 7 of the 10 patients with 
paroxysmal supraventricular tachycardia described by 
Wellens et al.,°° a sudden increase of the A-H interval 
in the beat triggering the tachycardia suggested the 
existence of dual A-V nodal pathways. In their study to 
estimate the incidence of dual pathways, Nava et al.?7 
plotted discontinuous A-V nodal conduction curves in 
25 of 28 patients with rhythm disturbances. 

We found 17 cases (4.2 percent) of longitudinal dis- 
sociation of A-V nodal conduction (10 dual A-V nodal 
pathways and 7 latent dual A-V nodal pathways) among 
the 405 patients who underwent conduction studies in 
our laboratory. Twelve of these 17 patients had parox- 
ysmal supraventricular reentrant tachycardias, repre- 
senting 7.1 percent of the 168 patients studied for par- 
oxysmal tachycardias. Our cases surely do not represent 
the real incidence of longitudinal A-V nodal dissocia- 
tion, because special efforts to disclose this conduction 
disorder have been made only in the last few months in 
our laboratory. 

Electrophysiologic mechanisms: The increasing - 
rate of recognition of longitudinal A-V nodal dissocia- 
tion has led many investigators?1*2??7 to consider this 


May 1979 The American Journal of CARDIOLOGY Volume 43 1037. — 





'£ 910614 ur se suoneiasaqqy “9a8/wiw 
05 peeds seaded "Duip10261 apung SIH yla Auo payeudsequt 1264109 eq pjnoo pue Auruieiiq jejmotquea Jo Jey) 0j epus si seoq uubre pue qiueAós "uris eui jo esugieodde 
oiudeJ50ipqeo04159[9 eu, "uononpuoo jue.ieqe YM yeaq eanqeuread jejmnouueAdadns E SG pue Sp Jo yey] pue ‘eoq emeuieud Jejoruea e sore (se) Jaq pau eur jo jusuoduioo 
MOIS SUL eed erae puru eu; ur suers uogonpuoo Aewued Mojs pue {SB} snoeueij[nuis ^v i. en6I4 Jo yey, qi erqereduioo ureJ&01pe204:6j6 yim Buren oeipieoemur "p ANNO 








Tose] oss. | ooe] oz» ose o6v | oze| os | oee [| o a 
E NOM oO nA - "I ^H 
O9z| ozs jane] ors | ozo i H 


>o CRUS = ma 
R sy — V gor 








| 
"" 





: | | i il 
| Be ey ^ pope | JAH 


i 


pp ob | 





| | | | | i EE. MEM i i, © 
J| f j MERS Mo JAHR i j, /; T " 
d m eM IM enaA tae h I B 2T. fl N j Pred P, Tt ROT eed IA 
if ii i i y 
H 1 | 
i i i V 


ver wv poy A veiw Py Avner v BAA a li 
8 L 9 SG sb gg L 


gym. 








May 1979 The American Journal of CARDIOLOGY _ 


. 1038 





$ 
s ; 
: 
a 
a 


"g omia ur se suonerodqqe 0010 tuonoegép si yids = (Suioey ayy ur Hds 
pue (weep sappe; eur ur) de :09s/u og peeds sadeg (9) 1eeq us eur jo JULIO ISB) Guy. o1 dn (se) 1299 patur eur jo 3ueuoduoo mos our Woy Bures uoneroossip 
(gpou A-v YUM eipaeoAuo jeuonounf e Dunet pue eipaeoAuoe peuisAxo4ed Dunnp oye. JejnorqueA pjojoM e ul Bunnso4 Vou fepou A-w penp snoeuegnudce "S 34n9l4 


~~ ^— QU — ose | ogr | oer ev | 09v s oly | O6v 096 - 046 ^ 
HC aor. | €i | s AH 
SJ 


(Hinds) is 


> j = y S 
` x ^x 
e : ys NN ome oy HY gg 


ac VN 


T ag | owe V 






















































VH 
IaH 
LJ LAS 
E AALL : 
19 se : 








ws 


May 1979 The American Journal of CARDIOLOGY ' Volume 43 












. leu( penoso | ou | osz oes- o] 069 | ooz] por ozz mi ILE 002 {pe ce pos] Ta ox| A 
i Es : | : 


‘g anG ut se suorjeiaeaqqy "oes/uuu gg peads 
49deg "(21 7514 01 uomieduioo) AjeAnoodsei *sexepjduioo pejonpuoo Agueueqe YM uoneruqi penye pue sexerduioo. eunqeuread jepnongueA um uiui jeuonouni ejo aso 
sejquiese: eu Auue siu jo seine orudeiboipresogeje eoepins eu; N9900 uononpuoo jueueqe pue uogeBuojojd eau AH SIG peronpuoo AMOS OSAR ur "Uononpuoo 1593 
Buunp üonezuejodep Aemuyed mojs jened e. BunseDÓns (seag wog pue ust "uer "uio Pg) uononpuoo Aeued mos ur suno50 Des 06 01 OZ JO eseeioui ue uoinonpuoo 
Kananed 188) Jeu v "uononpuoo Aemujed jsej ur (seoa OZ o1 ui91) »oolq 1:9 pue (sieeq Ugi eui oj uy Oy} u03j) HOI LE yM uononpuoo AeMujed Mojs oiseg "9 JUNDA 


o9 OPE. ost 














9 NH 


i aad d a HO E X RUNE: H 











DE i m S w o 



































(WM S X \ - Wojyonpuag 
mE" Es M os" | M ory 3 S nd T jepou Ae 
| | | | | ir" : wi TM + orn A Yy 
du iicet. aie gee 
Viii 
3g 











1040 May 1979 The American Journal of CARDIOLOGY Volume 43 





ean&i4 ul se suonenaiqay "QOS (WU og peods 19dug (seq ugg pue ut) shemujed ujoq ut yoo shosuEyNUS YUM pue (sieeq ipg pue WoL i upp ‘pug) uononpuoo 
tenp snoeueynuus Ajeuorseooo ui uononpuoo Mojs pue 1sej peuiquioo jo eunseDOns eje euieufe jo uogeasiunupe Joye semaur Y-d BuiDueuo Ajsnonunuoo "4 SUNDA 


o| ois Lowe] os | o | — om | — p m p iE 


04851 ozv | ose O&L OLEL OSL 0011 O06 





cM- upio 
a 
femued {88} — HY quu at 








NONREENTRANT TACHYCARDIAS WITH DUAL PATHWAYS—CS 


i 
- 
8 
E 
E: ; 
S. 
EC 
s 
i 








A | | Hu 6 





tuns br Nudes Ee wre degree 
v z L 





| NONREENTRANT TACHYCAROIAS WITH DUAL PATHWAYS—cSAPO 00 


"wuejsÁs elupung-siH ur poued 101984j64 
9^l2949 = SdH U! dua (I) epou A-Y eur uiui pue (H) uinure eu; ur imoa- eui Buu Anuas epou A-v jo uisiueuoeuu * (9) ou»e [erae ue jo uisiueuoeui (4) uononpuoo Mors 
pue 15) (3) uononpuoo jsej pue ^os peurquioo (q) skewujed omy ayy ueeMjeq »xooiq [£J6Te] YIM uononpuoo Aors pue se; SNOSUBYNUUIS peurquioo :(5) &ewujed Ise) eur ut 
uoneBeSoud esindu epeJ604191 pue 40/9 peoaus qu uononpuoo Aemiped moje (a) uononpuoo Aemued 1sej (y) uononpuoo A-v jeuuou jo uoneiueseid oneureuos g JUNO 


slow: pathway 

sow patheny 
slow pathway 
fost_ pathway 





Áua - ay 928 [erny uoijanpugs Aomijed K0JS — 58] uondnpus) Aemyyed js] - mays 


E 
i 
£ 
& 
Hi 


fast guthwoy 
fast paway 





10515003 deayjed maps ~ ise] snoatepmwig worjanpuga Aemyjed Mois UOL|Onpues ieaqjbd [SEY uojanpuo) jeunoy 


May 1979 The American Journal of CARDIOLOGY Volume 43 


1042 





pattern a pathologic alteration of a normal phenomenon 
-rather than a pathologic conduction variant. This al- 
'teration is likely to be caused by an advanced shift in the 
* refractory periods of the A-V nodal conduction fibers 
. or by an increasing block in lateral impulse propagation, 
— Or both. If the dissociation occurs in the upper part of 
- the A-V noce and the lateral block is complete within 
- the node, asproposed by Moe et al.! and Mendez et al.,? 
the atrium is a necessary link for A-V nodal reentry (Fig. 
- 8H). This can easily explain why atrial fibrillation due 
to overdrive stimulation converts to sinus rhythm in- 
‘stead of returning to the tachycardia. If lateral con- 
‘duction can-occur within the A-V node, the atrium is not 
necessary for the echo pathway (Fig. 8I), as demon- 
strated in zwo cases described by Schuilenburg and 

- Durrer?? ard in one patient described by Wu et al.29 
Dual pathways between the atria and ventricles fre- 
=- quently create the anatomic basis for reentrant tachy- 
- :eardias, one pathway serving the anterograde and the 
_ other the retrograde conduction within the reentry 
circuit. Double capture of the ventricle by a single atrial 
impulse is theoretically also possible when in one of the 
_ two pathways the impulse is conducted slowly enough 
-to reach the ventricle only after recovery from the 
contraction caused by the prior conduction. Grolleau 
et al. and Guize et al?! demonstrated double ven- 
tricular activations from a single atrial beat in the 
Wolff-Parkinson-White-syndrome, and Motté et al.3? 
observed the same phenomenon in the presence of a 
James bundle. In addition, Bailey et a1.?? documented 
double responses of a single stimulus in cases of longi- 
.. tudinal dissociation within the His-Purkinje system in 
animal experiments. Wu et al.929 documented dual 
conduction of a stimulated atrial beat in two patients 
with dual A-V nodal pathways during atrial stimulation 

at rates sufficient to produce Wenckebach block. 

Mechanisms of arrhythmias in reported case: In 
|. our case the effective refractory period of the His-Pur- 
_. kinje system was shorter than the difference between 
fast and slow pathway conduction times (Fig. 8D). It 
thus became possible for single atrial beats to initiate 
two ventricular responses, thereby causing tachycardias 
with a twofold sinus rate appearing in paroxysm and 
lasting from a few beats to more than 3 hours. Small 
changes in sinus rate and in the speed of the fast and 
slow pathway conduction resulted in changes in the 
position of the slowly conducted beats between two fast 
ones.anc in the coupling intervals of the slowly con- 
ducted beats. Changes of this kind were easy to repro- 
duce during the conduction study by administering a 
beta adrenergic blocking agent and atropine. Different 
blocks, such as second degree type I, 2:1, 3:1, possibly 
also seccnd degree type II, in one of the dual pathways 
produced arrhythmias that could not be interpreted 
correctly by means of the surface electrocardiogram and 
imitatec junctional rhythm with premature complexes 
or sometimes even paroxysmal atrial fibrillation. In 
addition to these conduction defects, frequent aberrant 
“ventricular conduction occurred. Intermittent widening 
and alteration in the QRS configuration made the 
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FIGURE 9: Accelerated atrial stimulation at a rate of 10/min in another 24 year old woman with dual A-V nodal pathways. Before the first dropped beat (beat 6) a slight increase 


in the A-H interval is preceded by a slight decrease in the A-H interval (from the first to the fourth beats). A progressive increase In 
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the A-H interval in the 7th to the 9th beats 


is followed by a progressive decrease in this interval (from the 10th to the 13th beats), Thereafter a sudden increase and block in A-V nodal conduction occurs (15th and 16th 


beats). Paper speed 50 min/sec. Abbreviations as in Figure 2. 
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electrocardiographic records of rhythm disturbances 
even more unusual. These arrhythmias could be dis- 
tinguished from ventricular premature beats, ventric- 
ular bigeminy and short runs of ventricular tachycardias 
only by intracardial tracings. 

Our observation of the A-V nodal conduction after 
administration of ajmaline deserves particular attention 
(Fig. 2). Unexpected shortening and lengthening in A-V 
conduction of singly conducted beats occurred, resulting 
in variable P-R intervals ranging from 210 msec (as in 
the 18th beat) to 710 msec (as in the 5th beat). The same 
changes in A-V nodal conduction could be observed in 
two additional patients with dual A-V nodal pathways 
during accelerated atrial stimulation (Fig. 9). 

Proposed model of A-V conduction: In postulating 
a failure of lateral impulse propagation, one has to 
consider the presence of more anatomically defined 
conducting channels within the A-V node to explain 
such changes in the P-R interval, although this possi- 
bility seems highly improbable. It is more likely that 
functional preferential pathways develop by crossing 
the impulse from one to the other pathway at different 
sites of the A-V node (Fig. 8, E and F), as also proposed 
by Roworth et al.!° Because in our case the effective 
refractory period of the fast pathway was longer than 
that of the slow pathway, it seems evident that the atrial 
impulse entered the A-V node by way of the slow 
pathway and at a point where the fast pathway recovery 
overtook its slow penetration; in other words, at the 
point where the fast pathway became free for conduc- 
tion the impulse shifted from the slow to the fast 
pathway (Fig. 8E). The higher this shift takes place, the 
faster the entire A-V conduction. 

In this model the normai A-V conduction could be 
explained as follows: 'The impulse penetrated through 
the fast pathway, continuously stimulating the slow 
pathway through cross-connections (Fig. 8A); the slow 
pathway was thereby switched off from the normal 
conduction, but it assumed its role in conduction when 
the fast pathway recovery time exceeded the supra- 
ventricular cycle length. This could also explain why 
Denes et al.!4 found greater incidence of discontinuous 


A-V nodal conduction curves when the heart was driven 
near the rate at which Wenckebach block oceurs than 
during spontaneous sinus rhythm. À shift from the slow 
to the fast pathway at a progressively more distal point 
or from the fast to the slow pathway at an increasingly 
more proximal point could also explain the character- 
an of the type I (Wenckebach) second degree 
lock. 

It is the basic property of any current to take the 
fastest and shortest possible route to its destination. On 
the basis of this rule, changing the switching point back 
and forth with possible detours might be one explana- 
tion of the continuously varying À-V conduction seen 
regularly in atrial fibrillation and in our patient also 
during normal sinus rhythm after administration of 
ajmaline. The electrophysiologic pattern known as 
double A-V nodal pathway would then be caused by 
failure in lateral impulse conduction on a functional or 
anatomic basis, or by increased differences in the re- 
fractory periods of the fast and slow conducting A-V 
nodal fibers, or both (Fig. 8, B to D and G to I). 

Implications: On the basis of their observations, Wu 
et al.?? expected that double conduction of a single atrial 
beat could play an important role in the genesis of some 
premature superventricular beats and bigeminy. Our 
case strengthens this hypothesis and presents the ability 
of this conduction defect to imitate other kinds of ar- 
rhythmias as well. On the basis of previous reports and 
our observations on bidirectional changes of the A-H 
interval, a hypothetical model of A-V nodal conduction 
was composed. Further clinical and experimental 
studies are required to disclose the incidence of ar- 
rhythmias due to simultaneous fast and slow conduction 
in the presence of dual A-V nodal pathways and to prove 
or disprove the validity of the conduction model pre- 
sented here. 
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Systolic Click From a Swan-Ganz Catheter: 
Phonoechocardiographic Depiction of the Underlying Mechanism 


JEFFREY M. ISNER, MD, FACC Although echocardiographic manifestations of Swan-Ganz catheters have 
JACK HORTON, MD, FACC received increasing attention, auscultatory sequelae have not previously 
JAMES A. RONAN, Jr., MD, FACC been described. In the patient described in this report, insertion of a 


Swan-Ganz catheter resulted in a loud mid systolic click; removal of the 
catheter eliminated the click. Simultaneous phonoechocardiograms 
suggest that the click resulted from crisp contact of the catheter against 
the ventricular septum. Catheter momentum was enhanced by wide ex- 
cursion and systemic pressures in the right ventricle; paradoxical motion 
of the septum curing systole may have accentuated the force of its contact 
with the catheter. 


Washington, D.C. 


The manner in which Swan-Ganz balloon flotation catheters may mimic 

the echocardiographic appearance of normal or abnormal cardiac 

structures has recently been outlined. +? However, no previous reports 

have described sounds produced by these catheters that simulated: 
normal or abnormal auscultatory events. We report here a patient in 

whom a Swan-Ganz catheter produced a mid systolie click, indistin- 

guishable from that considered classic for atrioventricular valve pro- 

lapse. 


Case Summary 


A 54 year old woman was referred to Georgetown University Hospital for 
evaluation of primary pulmonary hypertension. Precordial examination ón 
admission disclosed a normal first heart sound; the second sound was physio- 
logically split with a markedly accentuated pulmonary component. A grade 3/6 
holosystolic murmur was heard best atthe fourth interspace adjacent to the left 
sternal border; the murmur increased a full grade with inspiration. A third sound 
that increased with inspiration was heard at the same location. No systolic clicks 
were heard. The electrocardiogram was consistent with right ventricular hy- 
pertrophy. 

At cardiac catheterization the pressures (in mm Hg) were: mean right atrium 
20, right ventricle 120/25, pulmonary artery 120/75, mean pulmonary capillary 
wedge 8 and brachia! artery 135/75. Selective pulmonary arteriograms were 
consistent with primary pulmonary hypertension. 

On completion of the catheterization, a no. T Swan-Ganz thermodilution 
balloon flotation eatheter was positioned in the main right pulmonary artery. 
Auscultation shortly thereafter disclosed a mid systolic click in addition to the 
previously described systolic murmur. Simultaneous phonocardiogram and 
echocardiogram performed at this time documented a mid systolic click that 
corresponded temporally to the abrupt termination of the phasic motion of the 
Swan-Ganz catheter (Fig. 1). The click persisted over the next 3 days, buton the 
4th day it was not heard. An echocardiogram done at this time showed that the 
wide phasic catheter motion seen in the previous study was no longer present 


From the Department of Cardiology, Georgetown (Fig. 2). However, phonoechocardiography performed as the catheter was being 
University Hospital, Washington, D.C. This work slowly withdrawn demonstrated the simultaneous reappearance of both the 
was supported in part by the Benjamin May Me- systolic click and the phasic catheter motion (Fig. 3). Withdrawal of the catheter 
C HEIL Wel D ue a. from the right ventricle resulted in simultaneous phonocardiographic disap- 
ceived November 27, 1978.. accepted Desember pearance of the systolic click and echocardiographic disappearance of the 
20, 1978. : i catheter motion. The echocardiographie motion of the tricuspid valve was nor- 

Address for reprints: Jeffrey M. isner, MD, Na- mal. The echocardiographic pattern of mitral and tricuspid valve motion never 
tional institutes of Health, Building 10A, Room suggested prolapse-of either valve. No systolic click was detected on numerous 
3E30, Bethesda, Maryland 20014. follow-up examinations during the next 12 months. 
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Discussion 

A mid systolic click is generally regarded as a fairly 
specific and sensitive manifestation of organic heart 
disease. Idiopathic focal hooding of the mitral or tri- 
cuspid valve resulting in systolic prolapse of one or more 
than one leaflet is by far the most common underlying 
basis,? although other causes have been suggested.4-? 
Iatrogenic clicks, on the other hand, are uncommon, but 
have been observed in association with transvenous 
pacemakers.’ These pacemaker-induced clicks are most 
often presystolic events, and have been shown to occur 
as a result of pacemaker stimulation of intercostal 
muscle contraction.9-! 

Nachnani et al.,!2 however, described three patients 
in whom a click associated with a temporary transven- 
ous pacemaker catheter was heard during systole. In 
addition, each of these patients had a “scratchy, su- 
perficial" systolic murmur that was localized to the 
fourth and fifth interspace at the left sternal border and 
became louder on inspiration. Both the click and mur- 
mur disappeared on removal of the catheter. The au- 
thors postulated that the murmur represented tricuspid 
insufficiency caused by mechanical interference with 
tricuspid valve closure. They further proposed that the 
click occurred as the result of a catheter-induced de- 
formity cf the tricuspid chordae tendineae “as their 
tension is abruptly altered during ventricular systole" 
in a manner similar to that proposed by Reid!? as the 
origin of the click in mitral valve prolapse. No echo- 
cardiographic demonstration of the motion of the 
catheter or the mitral or tricuspid valve was pre- 
sented. 

In our patient, the temporal correspondence between 
the auscultatory and echocardiographic findings and 
sequence of catheter insertion, repositioning and re- 
moval clearly demonstrate that the click was produced 
by the Swan-Ganz catheter. The series of phonocar- 
diograms and echocardiograms suggest that the click 
was produced by the catheter slapping against the 
ventricular septum. Figures 1 and 3 demanstrate that 
the click occurred simultaneously with abrupt termi- 
nation cf the wide phasic motion of the Swan-Ganz 
catheter. Figure 3 shows a slight but definite beat to 
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FIGURE 1. Echoes from the Swan-Ganz catheter (S-G Cath) are re- 
corded within the right ventricular cavity. Wide phasic motion of the 
catheter is seen. The systolic click (SC) in the phonocardiogram occurs 
at the point of maximal posterior excursion of the catheter. IVS — in- 
terventricular septum; MV = mitral valve; RFW = right ventricular free 
wall; S, and S2 = first and second heart sounds, respectively; Time lines 
= 1 second. 


beat variation in the interval between S, and the click. 
However, in each cycle, timing of the click corresponds 
precisely to abrupt termination (by the ventricular 
septum) of the phasic catheter motion. The timing of 
the systolic click thus varies according to the timing of 
catheter-septum contact, additional evidence that this 
catheter-septum contact is generating the click. 
Factors producing the systolic click: Bedside he- 
modynamic monitoring with balloon flotation catheters 
has become a widely employed technique. Yet despite 





FIGURE 2. Simultaneous echocardiogram-phonocardiogram (Phono) recorded at the time when the systolic click was no longer audible. The wide 
catheter (S-G Cath) excursion demonstrated previously is no longer seen. ECG = electrocardiogram; IVS = interventricular septum; MV = mitral 


valve. 
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FIGURE 3. Binutineows PREE VEA performed 
after repositioning of the Swan-Ganz catheter (S-G Cath). The recording 
demonstrates the reappearance of both the wide catheter excursion 
and the systolic click (SC). The posteriormost displacement of the 
catheter is again seen to coincide with the click. ECG = electrocardi- 
ogram; MV = mitral valve; Phono = phonocardiogram; S and S» = first 
and second heart sounds, respectively. 


the frequency with which-this procedure is employed, 
catheter-induced clicks are apparently rare. Why a rare 
auscultatory abnormality resulted in our patient may 
be related to three factors (Fig. 4). The first is the mo- 
mentum associated with the wide catheter excursion. 
Catheter excursion was observed to be diminished when 
the click was not audible (Fig. 2). When the catheter 
began its sweep at a greater distance from the septum 
(Fig. 1 and 3), the heightened impact generated a sound. 
The circumstance is analogous to striking a whip against 
a flat surface; increasing the wind-up results in an am- 
plified impact when the whip contacts the surface. 
Second, the systemic pressure generated by the right 
ventricle may have accelerated the catheter in its sweep 
across the ventricle, slamming the catheter into the 
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FIGURE 4. Schematic diagram illustrating production of systolic click 
by Swan-Ganz catheter (S-G cath). During diastole, the catheter rests 
against the right ventricular free wall (RVFW). With the onset of systole 
(white arrows), the inflow portion of the catheter pivots on the fixed 
outflow portion of the catheter and sweeps across the right ventricle 
(black arrow), contacting the ventricular septum (IVS). Generation of 
systemic pressure by the right ventricle during systole accelerates the 
sweep of the catheter across the ventricle. Paradoxical movement of 
the septum abruptly terminates the catheter sweep, yielding heightened 
impact on contact with septum. LVFW = left ventricular free wall; Pulm 
= pulmonary. 


septum with even greater momentum. Although wide 
catheter excursion has previously been demonstrated 
with echocardiography,!? we are not aware of any re- 
ports describing such wide catheter excursion in com- 
bination with right-sided systolic pressures in excess of 
100 mm Hg. 

Finally, Figures 1 to 3 all show frankly paradoxical 
motion of the ventricular septum. This persisted in the 
echocardiograms recorded from the septum below the 
tips of the mitral valve and was presumably related to 
right ventricular overload in this patient. It is possible 
that the fortuitous combination of rapid posterior 
catheter motion and rapid anterior septal motion was 
the critical factor that allowed catheter-septum contact 
and the resultant systolic click. 
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Mid Systolic Notching of the Pulmonary Valve in the 
- Absence of Pulmonary Hypertension 


In a patient with idiopathic dilatation of the pulmonary artery the pulmonary : 

valve echogram showed a prominent mid systolic closing motion or 
notching indistinguishable from that seen in pulmonary hypertension. 
Normal right ventricular and pulmonary arterial pressures were recorded — 
simultaneously with echocardiograms of the pulmonary valve. E 


Echocardiographic recording of valve motion has proved useful in the 
clinical evaluation of patients with a wide variety of cardiac disorders. 
Evaluation of pulmonary valve motion is useful in the noninvasive in- 
vestigation of pulmonary hypertension.! In adults with pulmonary hy- 
pertension, the pulmonary valve a wave is generally diminutive or ab- 
sent, and the diastolic E-F slope is reduced.?? A mid systolic closing 
motion or notching of pulmonary valve closure is generally regarded as 
the most specific echocardiographic feature of pulmonary hypertension,’ 
although the reliability of this finding has not been adequately evaluated. 
Nanda and Gramiak? reported the occasional finding of mid systolic 


notching of the pulmonary valve in apparently normal patients. We... 


describe in this report a patient who had prominent mid systolic notching 
of pulmonary valve closure in the absence of pulmonary hyperten- 
sion. 


Case History 


A 19 year old black youth presented with pneumonia of the left lower pul- 
monary lobe. He had previously been asymptomatic, and denied any history of 
heart disease, heart murmur or rheumatic fever. No abnormalities had been 
detected during a prior physical examination preceding induction into the armed 
services. 

Examination on admission showed a blood pressure of 110/70 mm Hg, a pulse 
rate of 96/min and a respiratory rate of 24/min. The temperature was 101?F 
orally. The patient appeared thin and asthenic, and was in mild distress. No 
cyanosis, clubbing, edema or jugular distension was detected. The left postero- 
basal lung field showed signs of consolidation. Cardiac examination disclosed 
a slightly prominent apical impulse 1 cm lateral to the mid clavicular line. Pul- 
monary valve closure was easily palpated. Auscultation revealed a normal first 
heart sound. The second heart sound was physiologically split; the pulmonary 
component appeared prominent. A protodiastolic filling sound was heard in the 
left lateral decubitus position. A-grade 2/6, short, early systolic ejection murmur 
was heard at the upper left sternal border. 

The chest roentgenogram (Fig. 1) showed.a left lower pulmonary lobe infiltrate ` 
and straightening of the thoracic spine. The cardiac silhouette was prominent, 


as was the main pulmonary arterial segment. The electrocardiogram was normal c 


except for minimal nonspecific S-T and T wave changes. 

M mode echocardiography showed normal chamber dimensions and wall: 
motion. The pulmonary valve E-F slope and a wave amplitude were normal, but - 
a prominent closing motion or notch was present during systole (Fig. 2). Cross- 
sectional echocardiography showed a prominent main pulmonary artery (Fig. 
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FIGURE 1. Posteroanterior (left) and lateral (right) chest X-ray films. The cardiac silhouette is prominent, with a cardiothoracic ratio of 56 percent. 
The main pulmonary arterial segment is enlarged. The normal curvature of the thoracic spine is absent. An infiltrate (arrows) is seen in the left lower 


pulmonary lobe. 


3) but was otherwise normal. A technetium pertechnitate 
radionucleotide blood flow study revealed no evidence of left 
to right intracardiac shunting. 

The patient underwent right heart catheterization after 
resolution of his pneumonia. All pressures were normal. The 
right atrial a wave was 6, v wave 5 and mean pressure 4 mm 
Hg. The pulmonary capillary wedge pressure was 10 mm Hg. 
The pulmonary arterial pressure was 19/12 mm Hg (mean 14). 
Right ventricular pressure was 19/4 mm Hg. Hydrogen inha- 
lation curves revealed no intracardiac shunts. A pulmonary 
angiogram disclosed dilatation of the main trunk of the pul- 
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monary artery, with normal right and left branches. Cathe- 
ter-tipped micromanometer pressure recordings were ob- 
tained from the right ventricle and pulmonary artery simul- 
taneous with a pulmonary valve echogram (Fig. 4). The valve 
displayed prominent systolic notching in the presence of 
normal pressures. 


Discussion 


Several reports?+ have documented that pulmonary 
hypertension can be detected by observing character- 
istic alterations in pulmonary valve motion, although 


1cm FIGURE 2. Pulmonary valve echogram. The a wave 
(a) is 5 mm in depth and the E-F (e-f) slope is 15 
mm/sec. Prominent mid systolic notching (n) is 
present. Paper speed 50 mm/sec. 
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FIGURE 3. Left, a diagram showing the orientation of the cross-section echocardiographic transducer relative to the pulmonary artery and pulmonary 
valve. The sector indicated by the dashed lines is shown at right. The main pulmonary artery is dilated. AO = aorta; MPA = main pulmonary artery; 
PV = pulmonary valve; RPA = right pulmonary artery. 


the reliability and specificity of these findings in large 

groups of patients is uncertain. Our patient demon- 

strated a normal pulmonary valve E-F slope and normal | f l 
a wave amplitude but had marked systolic notching of 
pulmonary valve closure indistinguishable from that 
seen in pulmonary hypertension. Pulmonary arterial 
and right ventricular pressures recorded simultaneously 
with the echocardiogram were normal. Other findings 
included a "straight back," which probably accounts for 
the prominence of the pulmonary closure sound on 
physical examination, and prominence of the cardiac 
silhouette on chest X-ray film. It seems unlikely that 
straightening of the thoracic spine would cause mid 
systolic notching of the pulmonary valve. Dilatation of 
the main pulmonary artery was shown on pulmonary 
angiography, cross-sectional echocardiography and 
chest roentzenography. This finding appeared to be real 
despite the presence of the “straight back" and seems 
to be a more likely cause of the patient's mid systolic 
pulmonary valve notching. 

Possible causes of mid systolic notching of pul- 
monary valve closure: Several physiologic hypotheses 
could explain the phenomenon of mid systolic notching 
of pulmonary valve closure. In the presence of pulmo- 
nary hypertension, the right ventricle may be unable to 
maintain a persistent flow of blood against increased 
pulmonary arterial impedance. Decreasing flow may — PUE Sunes unen Oy au C 

; allow the valve © float toward a closed p pation during and right ventricle (RV). Mid eundo: notching of the punoni caida 
systole. Alternatively, the decreased effective vascular is indicated by the arrow. Simultaneous pressures are normal. Cali- 
bed seen in pulmonary hypertension could be respon- bration 0 to 20 mm Hg; paper speed 50 mm/sec. 
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.. sible for mid systolic notching. Following initial right 
ventricular ejection into a small vascular tree, the 
— pressure front might be reflected back toward the pul- 
. monary valve as a tidal wave, reaching the valve pre- 
maturely and causing a mid systolic closing motion. 
A final hypothesis relates perhaps both to the patient 
.. presented here and to patients with pulmonary hyper- 
tension. Semilunar valve leaflets usually lie immediately 
adjacent to the walls of the great vessels throughout 
systole. The diameter of the valve orifice is essentially 
the same as that of the great vessel. With enlargement 
of the main pulmonary artery, a feature of pulmonary 
hypertension as well as “iodiopathic dilatation of the 
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pulmonary artery,” blood flowing through the valve 
orifice may produce eddy currents around the valve, 
resulting in a closing motion of the valve during systole 
due to a Venturi effect. 

These and other hypotheses must be tested before the 
physiologic principles underlying mid systolic notching 
of the pulmonary valve are completely understood. This 
patient demonsirates that factors other than elevated 
pulmonary arterial pressure may be involved in pro- 
ducing mid systolic notching of the pulmonary valve. 
The specificity and reliability of the various echocar- 
diographic features of pulmonary hypertension remain 
to be established. 
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From Quinton, a recognized leader in the field of medical 
exercise equipment and electronics, comes a valuable new 
tool for the nuclear cardiologist. 


The Quinton Medel 845T Imaging Ergometer table provides 
a stable surface for maximal exercise in the supine position. 
It utilizes the time-tested Quinton electronic ergometer built 
into a table so that it is fully adjustable and retractable at 
the touch of a button. 


Torso stability for good imaging resolution during exercise 
is assured in three ways with an adjustable, padded and 
contoured shoulder restraint, adjustable hand grips and 
hip belt 


The padded backrest is adjustable horizontally for individual 
patient height, and the ergometer height may also be adjusted 
to help keep knees clear of the camera yoke 


The ergometer is equipped with a selector switch for work- 
loads from 200 to 2400 kilogram meters per minute in 100 
kgm increments, plus a built-in pedal rate meter program 
can also be automatically programmed with the addition of 
the Quinton 644 programmer 


Table controls can be mounted on either side for easy access 
and retractable wheels are standard for mobility. When the 
ergometer is not in use, press a button and it retracts into the 
table to provide a flat surface for other imaging applications 


A New Image 
For Exercise Testing 


For complete specifications, write: 





INSTRUMENT COMPANY 
2121 Terry Avenue /Dept. N-1-B/ Seattle, Washington 98121 / (206) 223-7373 * Telex 328840 / In USA, call toll free (800) 426-0538. 








Impaired renal function—associated with the 
more severe degrees of congestive heart 
failure—can greatly reduce the effectiveness 
of diuretic therapy. What is often required to 
provide effective saluresis for such patients is 
a loop diuretic. 


in the course of cardiac edema 
a patient may need more 
than the usual 40 mg dose of 
Lasix.? it is for this patient 
that we formulated the new 


Lasix Tablets Prescribing Guide Usual adult 
daily dose: 20 to 80 mg given in morning. Dos» 
age may be increased by increments of 2010 40 
mg not sooner than 6 to 8 hours after previous 
dose. May be carefully titrated up to 600 
mg/day in- severe clinical edema patients. 





Lasix 80 mg tablet. The new Lasix 80 mg provides a convenient Therapy should be individualized according to 
dosage unit to achieve the necessary saluresis. Patient response. As with any diuretic, electro- 
And, it offers greater patient compliance and lyte depletion can occur during therapy with 
can result in significant savings. furosemide. When doses exceeding 80 mg/day 
are given for prolonged periods, careful 
clinical and laboratory observations are 
recommended. 
Please consult brief summary of prescribing 
information below. 
Losix@ (furosemide) ductive studiés have shown that furosemide ihat may precipitate hepatic coma. Supple- in which irteversible hearing impairment og- = 


A brief summary of the Prescribing informa- 
fion for Lasix (furosemide) Tabiels 20, 40 
and 80 mg. 


Warning: Lasix (furosemide; is o potent 
diuretic which, if given in excessive 
amounts, can tead to a profound diuresis 
with water and electrolyte depletion. There- 
fore, coreful medical supervision is required, 
and dose and dose schedule have to be 
adjusted to the individual patient's needs. 


indications: Edemo associoted with conges- 
tive heort failure, cirrhosis of the liver, and 
renal disease, including the nephrotic syn- 
drome. Hypertension when used alone or in 
combination with offer ontihypertensive 
drugs; patients not adequately controtied 
with thiazides also probably will nof be 
adequately controlied with furosemide alone. 


Contraindications: Because arimai repro- 
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may couse fetol abnormalities, the drug is 
contrüindicoted in women of childbeoring 
potential. Anuria. History of hypersensitivity 
to the compound. 

Warnings: Excessive diuresis may resuf in 
dehydration and reduction in blood volums, 
with circulatory collapse and with the 
possibility of vascular thrombosis and eme 
botism, particularly in elderly patients. Ex- 
cessive loss of potassium in patients receie- 
ing digitalis glycosides may precipilate dig- 
talis toxicity. Exercise care in patients re- 
ceiving potassium-depieting steroids. Per- 
form frequent serum electrolyte, COz, and 
BUN determinations during first few monins 
of therapy and periodically thereafter, ane 
correct abnormaiifies or temporarily withdraw 
the drug. initio! therapy of patients with he- 


menial polossium chiorideand. if required. 
an aidosterone antagonist are helpful in pre- 
venting hypokalemia and metabolic al- 
kalosis. Discontinue furosemide if increasing 
azotemio ond oliguria occur during treatment 
of severe, progressive reno! disease. Observe 
patients regularly for possitie blood dys- 
grasias, liverdomage, or ofnar idiósyncrafic 
actions: Patients with known sulfonamide 
sensitivity moy show allergie reactions. 
Furosemide may potentiate the therapeutic at 
fect of other antihypertensive agents. Poterti- 
Gtionaccurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or- 
tivation of systemic lupus ervihematosus 
moy occur. Furosemide appears in breast 
milk. use of he drug is essantiol, the po- 
tient should stop nursing. Cases of tinnitus 


patic cirrhosis ond oscites is best carried out in and reversible hearing impairment have bean 


the hospital. Closely observe cirrhotic patieris 
for sudden fiuid and electrolyte imbalances 


reported. 
Trere hove also been some reports of cases 


curred, Usually otoloxicily has been reported. 
when furosemide was injected ropidly in pa- 
tients with severe impoirment of renal funt- 
tion of doses exceeding several fimes the 
usuot recommended dose and in whom: 

other drugs known to be olctoxic were given. 
if the physician elects fo use high-dose por- 
nieta: théropy in patients wilh severely im: 
paired reri function; controlled intravenous | 
infusion is advisabte. (For adults, arinfusion 
rate not exceeding 4 mg turasernide per 
minute hs been used. an 
Precautions: As with any effective diureli = 
electrolyte depletion may occur, especially in 
patients receiving higher doses ond ate- + 
stricted sait intake. Patients receiving füro- 
semidé should be observed for clinical signs 
of fluid or electrolyte imbatonee, namely. 
hyponatremia, hvpochioremic alkalosis, and 
hypokdlernig. Serum and urine electrolyte de- 
lermingtions-ore particuinrly important when ` 





BECAUSE IN CARDIAC EDEMA... 
THERE IS A POINT AT WHICH A GOOD DRUG 
BECOMES AN INVALUABLE ONE. 


tained. Reversible elevations of BUN may be 
have been observed in associa 
which should be 

n patients with renal in 
Sufficiency Patients receiving high doses of 
N conjunction with furosemide 
alicylate toxicity at lower 
ompetitive renal excretory 
rosemide hos a tendency to an 

the effects of tubocurarine and may 


f succinylcholine 


nfluence serur 
develop w 
as with any other potent diuretic 
with brisk diuresis. when cirrho 
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or d 
dui 








or ACTH. Interference with acequ 










ntake will also contribute 
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Bigitalis ma 





ects of hypokale 
with rel 


erence to myocardia! a 
Asymptomaticnyperuricem 
ge ay rarely be precipitated 
blood glucosesand alterations i ucose 


tolerance testswith abnormalities of the fast 








Diuretics such as furosemide may 
the nephrotoxicity of cephaloridine. There 








ng and two-heur postprandial sugar have fore, furosemide and cephaloridine should 
been observed, and rare cases of precipita- not be administered simultaneously. Furo: 


S 
tion of diabetes mellitus have been reported 





may decrease arterial responsive 
norepinephrine. This diminution is 

e lude effectiveness of the 
agent for therapeutic use 


Furosemide may lower serum calcium levels, 
and rare cases of tetany have been reported 
Periodic serum calcium levels should be ob 











Adverse Reactions: Anorexia, oral and g 
tric irritation, nausea, vomiting, cramping 
diarrhea. constipation, jaundice, (intrahe 
patic jaundice), pancreatitis, dizziness, v 
tigo, paresthesias, headache, xanthopsia 
blurred vision, tinnitus and hearing loss 
anemia, leukopenia, agranulocytosis (rare 
thrombocytopenia, aplastic anemia (rare 
purpura, photosensitivity, rash, urticaria 
necrotizing angiitis (vasculitis, cutaneous 
vasculitis), exfoliative dermatitis, erythema 
multiforme, pruritus. Orthostatic hypotension 
may occur and may be exaggerated by alco 











hol, barbiturates, or narcotics. Other adverse 
reactions include hyperglycemia, glycosuria, 
hyperuricemia, muscie spasm, weakness 





restlessn 
bophlebitis 





urinary bladder spasm, thro 


HOECHST-ROUSSEL 


PHARMACEUTICALS INCORPORATED 
SOMERVILLE. NEW JERSEY 08876 








THE NEW LASIX ‘(iurosemide) 
80 MG TABLET 


For convenience, 
compliance, economy. 
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Now, 

the truth is out 
in the open 
ATL offers on-line real-time 


hardcopy images with M-mode 
for echocardiography. 

















Made possible by unique digital electronics. Making our Mark Ili an integrated 
diagnostic system, not a stack of electronic boxes. Unlike analog processing, 
the ATL Digital Scan Converter captures the signal, however weak, and stores 
it into memory. Once secured, its accurate reproduction in standard video 
format is continuously assured. Thus digitized, its wide range of grey scale 
display offers greater diagnostic utility. 

You get line and flicker free images of the moving heart, capturable in 
freeze-frame, adjacent to a sharp black on white M-mode. Same intracardiac 
structure. Printed on the same paper. The payoff is a logical integration of 
| the two modes, easy to read hardcopy, easy to handle, for a clear interpretation 
and report. 

Doctor and system interact. Segments of the study may be dealt with and 

perfected without disturbing the whole. Adequate data is obtainable during the first 

| patient examination, saving valuable time. Serial studies are assured consistent data. 
Graphics or alphanumerics can be super-imposed. Unique with the Mark Ill, voice can be recorded 

during freeze-frame. The study may be taken off line for display or computer processing. 

The ultimate payoff is tomorrow. Digital is the future. Because, with digital, growth is 
from within. State-of-the-need today, the system will grow with your needs unn 
and new technology. It's what the world is coming to. And, more and | 
more, the world is coming to ATL for advanced instrumentation. a 
Advanced Technology Laboratories. 13208 Northup Way, Bellevue, | EE 
| WA. 98005 (206) 641-5410. ultrasound 





The Clinical Challenge: 
Restoration of Hemodynamic Balance 
in Shock Associated with Sepsis 
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sposing factors in septic shock include: 
bscess * surgery œ indwelling or IV catheters 
| post-instrumentation * tracheostomy aspiration 
! postpartum e» mechanical ventilation * trauma 
ə role cf catecholamines 

ntropin® (dopamine HCl)— considered the best-tolerated of 
the inotrcpic agents when volume expansion alone is insufficient 
to alleviate shock! — increases myocardial contractility, selectively 
redistributes perfusion to essential viscera and allows a pharmacologic 


titration of effect.2 Thus, Intropin functions as an inotropic diuretic? 
and is a logical first-choice catecholamine for treatment of shock.? 


When signs of early shock are detected, Intropin should be considered as an essential 
part of a total program to restore adequate perfusion: 

e provision of adequate blood volume to normalize cell metabolism 

e treatment of the specific cause of infection 

e correction of acid/base imbalance 

e redirection of perfusion to vital organs 

When volume expansion does not produce adequate patient response, Intropin produces more 
favorable overall results than either norepinephrine or isoproterenol...and its specific renal 
and mesenteric artery vasodilating properties make it the most applicable agent in septic 
Shock, if arterial pressure can be maintained.* 


References: 1. Gunnar, R.M., Symposium, Use of dopamine in shock, University of Southern California, Hollywood Presbyterian Medical Center, 
Los Angeles, May 18, 1976. 2. Reid, P.R. and Thompson. W.L., Johns Hopkins Med. J., 137:276-279, 1975. 3. Rosenblum, R., Am. Heart J., 
87:527-530, April 1974. 4. Winslow, E.J., Loeb, H.S., Rahimtoola, M.B., Kamath, S. and Gunnar, R.M., Am. J. Med., 54:421-430, April 1973. 


INTROPIN «nani HCl) 


A unique response to the clinical challenge of septic shock 
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INTROP IN’ tióbamine HCl) 
5 ml AMPUL/FOR IV INJECTION 


>. BRIEF SUMMARY OF PRESCRIBING INFORMATION 

-DESCRIPTION: INTROPIN (dopamine HCl) is 3, 4-dihydroxyphenethylamine hydrochloride, a 
fiaturslly-occorring biochemical catecholamme precursor of norepinephrine. It is a white. 
odorless. crystalline powder, freely soluble in water and soluble in alcohol; sensitive to fight, 
alkalis. iron Salts and oxidizing agents. Eac^ ml of sterile, non-pyrogenic INTROPIN injection 
contains 40 mg of dopamine hydrochloride (equivalent to 32.3 mg of dopamine base) in Water 
for Injection, USP, containing 1% sodium bisulfite as a preservative. 
INDICATIONS: For the correction of hemodynamic imbalances present in the shock syndrome 
due to myocardial infarctions, trauma, endotexic septicemia. open heart surgery, renal failure, 
and chronic cardiac decompensation as in cangestive failure. 
Poor Parfusion of Vital Organs —Urine flow appears to be one of the better diagnostic signs 
by which adequacy of vital organ perfusion Can be monitored. The physician should also 
observe the patient for signs of reversal of confusion or comatose condition. Loss of pallor, 
increase in toe temperature and/or adequacy of nail bed capillary filling may also be used 
as indices of adequate dosage. Note that st doses above those optimal for the individual 
patient, urine flow may decrease. secessitating reduction of dosage. Concurrent administra- 
tion of INTROPIN add diuretic agents may produce a potentiating effect. 
Low Gardiac Outgut— increased cardiac output is related to the direct inotropic effect of 
INTROPIN on the myocardium. Increased candiac output at tow or moderate doses has been 
:. associated with either ‘static or decreased systemic vascular resistance (SVR) and appears 
1o be related to à favorable prognosis. Increase. in cardiac output produced by INTROPIN 
is not associated with substantial decreases in SVR as may occur with isoproterenol. 

jpotension -- Hypotension due to inadequate cardiac output can be managed by administra- 
tion af low iò moderate doses of INTROPIN, which have little effect on SVR. At high 
therapeutic doses, the drug's alpha adrenergic activity becomes more prominent and thus 
may correct hypotension due to diminished SVR. Administration should be considered as 
~~. $000 as a definite mend toward decreased systolic and diastolic pressure becomes evident. 

COCONTRAINDICATIONS: INTROPIN should not be used in patients with pheochromocytoma. 


WARNINGS: INTRCPIN should not be administered in the presence of uncorrected tachy- 
arbythmias or ventricular fibrillation. INTROPIN should not be added to any alkaline diluent 
solution since the drug is inactivated in alkaline solutions. Patients who have been treated 
with monamine oxidase: (MAO) inhibitors prior to the administration of INTROPIN will require 
substantially seduced dosage (1/10 the usua: starting dose). 

Usage in Pregnancy — INTROPIN may be used in pregnant patients when, in the judgment 
of the physician, the expected benefits outweigh the potential risk to the fetus. 

Usage in Children — The safety and efficacy of INTROPIN for pediatric use has not been 

. established. 

“PRECAUTIONS: Avoid Hypovolemia — Prior to treatment with INTROPIN, hypovolemia should 
be fully corrected, if possible, with either whale blood or plasma as indicated. 

Decreased Pulse Pressure —if a disproportionate rise in the diastolic pressure (ie. a marked 
decrease in the pulse pressure) is observed ^1 patients receiving INTROPIN. the infusion rate 
should be decreased and the patient observed carefully for further evidence of predominant 
vasoconstrictor activity, unless such an effect is desired. 

Extravasation — INTROPIN should be infusec inte a large vein whenever possible to prevent 
the possibility of extravasation into. tissue adjacent to the infusion site which may cause 
necrosis and sloughing of surrounding tissue. Large veins of the antecubital fossa are 
preferred to veins ir the dorsum of the hand or ankle. 

Occlusive Vascular Dissase— Patients with: a history of occlusive vascular disease ifor 
example, atherosclerosis. arterial embolism. Raynaud's disease. cold injury, diabetic 
endarteritis, and Buerger’s disease) should be closely monitored for any changes in color 
or temperature of the skin in the extremities 














IMPORTANT — Antidote for Peripheral ischemia: To prevent sloughing and necrosis 
in ischemic areas, the area should be infiltrated as soon as possible with 10 to 15 mi 
of saline solution containing from 5 to 10 mg of Regitins® (brand of phentolamine), 
an adrenergic blocking agent. A syringe with a fine hypodermic needie shouid be 
used, and the solution liberally infiltrated throughout the ischemic area. Sympathetic 
blockade with phentolamine causes immediate and conspicuous focal hyperemic 
“Changes if the area is infiltrated within 12 hours. Therefore, phentolamine should 
‘be given as soon as possible after the extravasation is noted. 





Avoid: Cyclopropane or Halogenated Hydrocarbon Anesthetics — Because of the theoretical 
1: "amhythmogenic potential of these agents and the known increase in cardiac autonomic 
inflabilily which may sensitize the myocaidem, INTROPIN should be used with EXTREME 
CAUTION in patients inhaling such anesthetics. 

Careful Monitoring Reguired — As in the case of any adrenergic agent. infusion of 
INTRCPIN should be accompanied by close monitoring of urine flow, cardiac output and 
blood pressure. 

ADVERSE REACTIONS: The most frequent include ectopic beats, nausea, vomiting, tachy- 
cardia, anginal pain. palpitation, dyspnea. headache. hypotension. and vasoconstriction. 
Others reported infrequently ate aberrant conduction, bradycardia. piloerection, widened ORS 
Complex, azotemia. and elevated blood. pressure, 
WARNING: This is a potent drug — must be diluted before administration to patient. 
"OVERDOSAGE: in case of accidental overdosage, as evidenced by excessive blood pressure 
elevation, reduce rate of administration or temporarily discontinue INTROPIN until patient's 
condition stabilizes. Since the drug's duration of action is quite short. no additional remedial 
measures are usually necessary. If these measures fail to stabilize the patient's condition, 
use of the short-acting alpha adrenergic blocking agent, phentolamine. should be considered. 
CAUTION: Federal ‘aw. prohibits dispensing without a prescription. Full directions for use 
Should be read before administering or prescriaing. September. 1978 
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It watches, it waits, it never sleeps. 


And it calls you the second you're 
needed. It's Physio-Control's new 
Lifepak 6 defibrillator/monitor —the most 
versatile instrument of its kind ever 
manufactured for use in hospitals. 

The Lifepak 6 defibrillator/monitor is designed 
to do what you need done. It has high and low 
rate alarms. Digital heart rate meter. QRS beeper. 
Diagnostic quality recorder plus five-second 
delay. Line power and battery power. AND when 
detached from the monitor module, it's an 
emergency go-any where defibrillator that weighs 
less than 20 pounds. 

Wherever you put it—in the Emergency 
Department, the Operating Room, Intensive Care 
or Coronary Care the Lifepak 6 will turn in an 
outstanding performance. And like all 
Physio-Control equipment, it's backed by the 
largest, most dedicated and most responsive 
service organization in the industry. If you haven't 
seen what this new instrument can do, call 
now for a demonstration. 






Only Physio-Control 


makes the Lifepak? 


Lifepak and Physio-Control are registered trademarks of Physio-Controi Corporation. World leader in acute cardiac care systems. 
11811 Willows Road, Redmond, Washington 98052/(206) 883-1181/Telex: 32-0166 Cable: PHYSIO/RED. 


D SUPERIORITY 


SIGNIFICANT 


PI,’s new Porous Tip Lead 
ncourages living tissue to 
row within the electrode, 
reating a bond between the 
eart and the MICROLITH,-P 
rogrammable pacing system. 
he remarkable characteristics 
f this bond allow you to 
SUCRE CIELE CE E GT 
ICROLITH-P’s programmable 
patures. 


PROVED ELECTRODE 
>TABILITY 


he Porous Tip Lead's direct 
ond with heart tissue resists 
islodgement significantly 
etter than conventional leads. 


IMPROVED SENSING 
CAPABILITY 
With greatly reduced fibrotic 


build-up at the electrode site, 
the new Porous Tip Lead 


improves sensing capabilities. 


IMPROVED ECONOMY 
OF CURRENT DRAIN 


Optimize longevity of the 
MICROLITH-P through the 
reduced current drain of the 
Porous Tip Lead. The small 
7.5mm? tip utilizes available 
energy efficiently without 
compromising sensing 
capabilities or patient safety. 


COMPATIBLE DESIGN 
FOR CONSISTENT 
PERFORMANCE 


Never before has a pacing 
system achieved this high 
degree of integration with the 
requirements of the human 
body. 


For more information on how 
MICROLITH-P and the Porous 
Tip Lead work together to 
improve pacing reliability and 
patient care, contact your CPI 
representative or call Toll-Free 
(800) 328-9588. 





The 90% porous electrode 
encourages a synergistic bond with 
cardiac muscle through ingrowth of 
tissue. The 254m diameter of the 
ode's interior mesh fibers i 





INDERAL 
propranolol hydrochloride) — : 


PERFORMANCE IN 








CARDIAC ARRHYTHMIAS 


EFFECTIVE ALONE OR IN COMBINATION | 











INDERAL (propranolol hydrochloride): Successful treatment 
of supraventricular arrhythmias for over 10 years 

INDERAL, used alone or incombination with other antiarrhythmics, has improved 
or resolved a variety of supraventricular arrhythmias.’ 


INDERAL alone: Results of use against atrial tachyarrhythmias in one series 
have recently been reported: 











| Arrhythmia | Patients | Proportion deriving benefit 

| Complete Partial 

| Sinus tachycardia 86 59% 22% 
Atrial tachycardia (including paroxysmal type) 154 61% 19% 
Atrial flutter 50 54% 32% 
Atrial fibrillation | 139 53% 26% 





Adapted from Coodley and Snyder® 

INDERAL is particularly effective in therapy of supraventricular tachyarrhyth- 
mias? It slows depolarization of sinus and ectopic pacemaker cells, and retards 
impulse-conduction in the atria and across the AV node.!°1 |n cases where it 
cannot restore normal sinus rhythm, INDERAL is frequently effective in reducing 
the ventricular rate.’3!244 |NDERAL may prevent recurrent supraventricular 
tachyarrhythmias when digitalis and quinidine fail to do so??? In addition, 
INDERAL is a useful short-term adjunct for arrhythmias of thyrotoxicosis, when 











- 


used with specific therapy. Since INDERAL may mask the clinical signs of 
hyperthyroidism, abrupt withdrawal should be avoided to prevent exacerbation 
of the symptoms of hyperthyroidism. 

And in combination: INDERAL has also been used to complement the 
actions of other antiarrhythmic agents 3559.5 The combination of INDERAL and 
quinidine has suppressed supraventricular arrhythmias that have not responded 
to either drug alone.?? 

When toxic doses of digitalis glycosides occasionally fail to control the 
ventricular rate in patients with atrial fibrillation or flutter, addition of INDERAL to 
a digitalis glycoside, with reduction of the digitalis dosage, may prolong AV 
conduction to the point where satisfactory control of ventricular rhythm is 
established 5:5 


INDERAL: Often effective in tachyarrhythmias of digitalis 


intoxication?" |NDERAL has been found useful in the treatment of 
certain digitalis-induced arrhythmias that persist following discontinuation of 
digitalis and correction of electrolyte disturbances, particularly hypokalemia. Its 
use in this setting may be limited by the presence of significant congestive failure 
or heart block, and the development of severe bradycardia. (Please see prescrib- 
ing information on the next page for “Overdosage or Exaggerated Response") 
INDERAL is contraindicated in sinus bradycardia, greater than first degree 
heart block, and congestive heart failure unless the failure is secondary to 
tachyarrhythmias treatable with INDERAL. (See prescribing information for 
complete list of CONTRAINDICATIONS,) A ES 
Please see next page for prescribing information. (= yerst. 
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BRIEF SUMMARY 
(For lok presenting mformation, see package crcular? 


INDERAL Brand of ] 
propranolol hydrochloride 


A beta-adrenergic: blocking agent 





BEFORE USING INDERAL PROPRANOLOL HYDROCHLORIBE: THE 
PHYSICIAN SHOULD. BE THOROUGHLY FAMILIAR. WHH THE BASIC 
CONCEPT OF ADRENERGIC RECEPTORS (ALPHA AND BETA: AND THE 
PHABMACOLOGY OF THIS DRUG 





ACTIONS: INDERAL is a heta-adrenergc recepi: blonkeng drug. possessing no 
Other mütonümar nervous system actviy dè speedically s with 
Deradreserg receptor sumulatmg agents for avaiable bela rec 
When access to beta receptor sdes is blocked ty INDERAL chronotropic 
motropic. and vasodilator responses ta beta-adtererge shmulation are decreased 
Oroportorately. 

Propranolol is aimas: completely absorbed hom 3 
à portion s immediately bound by The bvar Peak e one Ip ene and 
ane-hat Bours. The bulogc halife is zpproxmateh iwo to three hous 
Propanols nat sgmbcantly dalyzable There is ce sample correlanon between 
dose o plasma level and therapeunc effect and the dese-sensitnety range as 
observed on chmcai practice s wide The pnncpal reason for the is thal 
sympathetic tone varies widely between sdeaduals Since there is nio rebatie test 
12 estenate sympathetic tone or 10 determine whether total beta blockade has 
been achieved. proper dosage requies titration 

Beta teveptor blockade useful m conditions m which, because o! pathologic 
a funcnonal changes, sympathetic actety is extessive or inappropnale and 
etnmenta to the patent But there are iso sileations m which sympathent 
sumuiaton ss wial For example. n panenis with severely damaged hearts 
adequate ventncular Tuncuon is mamtained by virtue of sympathenc dre which 
should be preserved. In the presence of AV block. bera blockade may prevent the 
necessary fecitating effect of sympathetic actrty en conduction Bete blockade 
feaults c bronchial constncnon by mierdenag wak adrenerge broach 
actwty which should be preserved in ganents subiect to srenchospagm 

The poper otyectwe ol beta blockade Therapy ss 10 decrease adverse 
sympathetic simulation bur ant te the degree that may mpat necessary 
symparhenc support 

Proprangial exerts its antiarrhythmic effects in coocentrehons associated wath 
her-adrenerpc blockade and ths appears to be gs gracigal anvarhythree 
mechanisms ef action. The membrane effect also plays a toe. particula: 
aurhonnes bekeve, m digtalisendured anbyrhmsas Beta adrenergic bi 
of umque importance in-the management of arrhythmias due 10 in 
af sweulating catecholamines or enhanced sensitivity of the heart to catechols 
muses jarhwth nas assocuated weh phecchromocytoma Ihyrotoncoss pier 
asel 

in dosages greater than required for bera blockede, INDERAL also exerts a 
Gueudine-bie or anasthenc-ike membrane action which affects the cardiac arkon 
potenia and depresses cattiac function 
INDICATIONS: Cardiac Arrhythmias: 
$) Supreventncaler arthythanas 

a) Paroxysmal amal tachycarchas. particularly those antyrhmuas indoced by 

catecholamines or digdaks or associated with che Wolff Parbonsor Wade 

syndrome. (See WPW ondes WARNINGS | 

hi Persistent sinus tachycartha winch is noncomaensatory and ompars the 

weilbeng of the patent 

t} fachycardias and ahyilumas due 10 Ihyroroncasis when casing dst 

Gr increased hazard and when immediate effect i necessary as ad 

Short tem (2-4 weeks] therapy 

May be used with, but notan place of spect therapy ‘See Thyotancoss 

under WARNINGS 7 

G Persistent atrial extrasystoles which empar the well being of the patent 

aad do nat respond 1o conventional measures 

gi Ainai therer and fbatignan when ventncular tata canre! be controlled by 

dhgtans alone. or when digitalis is contendicated 
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2.3 Venthcular tachycardias 
Ventncular arhythmiasdo not respond to aropranolal as predictably as do The 
Supraventrieutar antiythimigs 





Wah the exception of those 
is not the drug of fist ci 
technics or other desgs are not indicated or are 
be considered. iH. ster zonsuferanon of the nsks v 
3t should be gwen intravenausiy in low dosage and very slowly Gee 
AND ADMINISTRATION | Dare in the admmmsnaron of INDERAL wah 
cOastant electrocarkograpluc monitonng is essential as the lading heart 
gures some sympathetir Seep for maietenance ví myocardial mag 

Bi Persistent premature ventitular extrasystoles wach de not respond to 
tOrventigna! measures and impar the well-bemng of the patient 








effeccwe, IN 











3.| lachyarrhythanas of digitahs imntoncation 
N digualsindyced tachyarhytheas persst foloweng caconmnuance of 
thgwaks and correchan of electrolyte abnormalities, they are usually reversible 
with oral INDERAL. Severe bradycartha may occur See OVERDOSAGE OR 
EXAGGERATED RESPONSE : 


intravenous propranolol hydrochionde is reserved for Me-theeatenmng achyth 
mias. Temporary mawtenance with oral theragy may be indicated (Ses 
DOSAGE AND ADMINISTRATION i 


4 Resstant tachyarhythmias doe 10 excessive catechalamme action durng 
anesthesia 
Tachyarthythiraas due to excessve catecholamine action dung anesthesia 
may sometimes anse because of release of endogenous ceiechotammes or 
acmunstraton o! catecholamines. When usual measutes fad in such 
actythnuas, INDERAL may be geri intravenousiy te abolish them. All generat 
inhalation anesthetics produce some degree of myocardea! depression 
Therefore. when INDERAL is used to treat achythmess dune anesthesia. d 
shouid be used with extreme caution and constant ECG and central venaus 
pressure momtonng. (See WARNINGS | 
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Hypertrophic Subaortic Stenosis: INDEBAL is useful m the management of 
hypertrophe subaortic stenosis, especial for treatment of exertional or other 
stessinduced angina. palpuahons anc syncope INDERAL aso suproves 
exercise gertormance The effectiveness o! INDERAL in this disease appears to be 
due 10 à reduction of the elevated outliow pressure gradient which is exacerbated 
by beta receptor stimulation Chnical imorovemen: may be Temporary 
Pheochromocytama: Alte: aemary treatment with an alpha adreaetge Bischng 
agent has been instituted INDERAL mav be utefc! as adiwnctve therapy d the 
control of rachycartha becomes necessary dele dunng surgery 

it 6 hazardous to use INDERAL ipropranote! hydrochiondei unless aipha- 
adrenergic blockang drugs are alteady m ese, since this would predispose to 
senous bigog pressure elevation. Blocking omy the cenpheral dilata: (betal action 
af epinephtine leaves ds cünstrictor {aiptal actien unopposed 

in the event of hemorrhage or shock, there «s a disadvantage m Raving both 
bela and alpha blockade since the rombineniün prevents the mereage «n heart 
sale and pengheral vasoconstrctioe needer to maman bleed pressure 

With snopecable or metastatic pheochromacyrema. INDERAL may be usetul as 
an adjunct to the managemen! of syngicms due Io excesswe Bete teceptot 
stimulation 
CONTRAINDICATIONS: INDERAL i ce: 
2j allergic funis duong the pollen season 
fus! degree black a 
pulmonary hypertension. 61 congestive heat: t NGS) gr P 
failure is secondary 1o a Tachyarrtytheua bie math INGERAL Jim parents 
on adrenergic augmentng psychotrope drugs fircluding MAG intubnarsi. and 
dunng the two week withdrawal penod from such drags 
WARNINGS. CARDIAC FAILURE Symparhewc stimulation is a vital component 
supporting cyculatory function in congestwe heart lature and intviies with 
beta-bleckade always cames the potessi hazad of ‘further depressing 
myocartial contractility and precipitating cahat lature INDERAL acts seen 
Bely withoyt abolishing the morragic action c? digeals on the heart muscle bg 
that of supparung the strength ol myacartia contractions] In pauents airesdy 
secening diprabs the postes ingirapc acea of dguais may be reduced ty 
INDERAL s negative motropic effect The effects of INDERAL and dgitalis are 
additwe in depressing AV conduction 

IN PAHENTS WITHOUT A HISTORY O° CARDIAC FAILURE. consnoed 
depression of the myocardigm over a penod c! time cas i seme cases, lead tp 
cardiac fadure in tare instances. ths hes been shserved during INDERAL 
therapy. Therefore, at the fest sige or sympiom of mpending cardiac lature 
patents should be fully duptalued and or geen a cait. and the response 
observed closely ai é cardiac falute connmues despite adequate digtalzanar 
and duene therapy INDERAL therapy shows be enmeristely withdraws tod 
tachyachythmia c Deng conttolied panents sirould be m. ned cn com! 
Therapy and the patient closely followed ueni threat of 
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f IN PATIENTS WITH ANGINA PECTORIS bere ave been rep 
eracerbahga of angna and m some cases. myocarda 
faltawing abrupr dscontruanen of INGEFAL therapy Therefor 
discontinuance of INDERAL s planned ime dosage should be grsduaty 
feduced and the patent carehiy momiored in adénon when 
INDERAL s presented fer angina pec - 
tautined $gasst mterapnón M cessabon " 
physician s advice. HE INDERAL therapy it sterugted and exacerbator 
of angina occurs. it usually i advise re INOERAL therapy 
and take other measures appropriate for the management of unstable 
angna pecrons Since coronary artery deesse may be unterognget i 
may be prudent to follow the above advice ie patients considered at ask 
of having occult atheroscleranc heat! disease, who ate gwes 
propanoa for other indications 


































IN PATIENTS WITH THYROTOXICOSIS, possi&te deietevous effects trom long 
term use have not been adequately appraised Special consuferation should be 
given to proprancial’s potential for aggravaung congestive heart failure 
Propranolol may mask the chncal signs of developing or continuing hyperthy- 
rordism or compications and gie a false «pression cf emprovement Therefore. 
abrupt withdrawal ef propranolo! may be lotawec dy ae exacerbaton ol 
symptoms of hyperthyraidism, including thyroid storm This is another reason for 
withdrawing propranciel siewly. Propranolol does sor distort thyroid function 
tests. 

IN PATIENTS WITH WOLFF-PARKINSON WHEE SYNDROME severa! cases 
have been reported in which, aher gropranaiot she tacbycardha wes replaced by è 
severe bradycartha requiting a demand pacemaker 1n one case the resutced aller 
an somal dose of 5 mg propranolo! 

IN PARENTS DURING ANESTHESIA with agests that requee catecholamine 
release for maintenance of adequate carthac Tun: beta blockade sli impar 
The desired inotropic effect Theretore, INDERAL sBiouid se strated careloty wher: 
admunstered lor gerhythrmas occurmng dunng snesthesa. 

IN PATIENTS UNDERGOING MAJOR SURGERY beta blockade impass the 
abibty o! the heart to respond to reflex simul. For ths reason with the pxception 
of pheochtamocytoma, INDERAL shouid be witkdrsws 48 hours prar to surgery 
at which nme all cheeucat and physiologic effects se gone according t0 available 
evidence. However in case ef emergency : 
inhibitor of beta receptor agonists, ts effects cas 3e reversed by admi 
of such agents eg  isüprotereno! or levarterenot Howeyer such patients may 
be subject to pretracted severe hypotensor  Ürhculy m restarting and 
manianng the heart beat has also Seen reportec 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM ieg CHRONIC 
BRONCHITIS. EMPHYSEMA! INDERAL should te admemstered with caution 
since it may block bronchoddanios produced ty endogenous and exogenous 
catecholamine stimufation of beta receptors 

DIABETICS AND. PATIENTS SUBJECT TO HYPSGLYCEMIA. Because of its 
beta-adrenergic blecking actety INDERAL may preven: the appearance of 
premonitory signs and symptoms {paise rate andi pressure changes! of acute 
hypogiycemia Ties is especially important to keeg s mind in patients wi de 
diabetes. Hypoglycemsc attacks may be accampened by 2 precyptous elevation 
of blood pressure 

USE IN PREGNANCY. The safe use of INDERAL = human pregnancy has not 
been established. Use of any drug s pregnancy ar women of chidbeanng 
potential requires that the possible nsk to mome anc/er etus be weighed 
against the expected therapeutic beneh! Embryotozc effects have been seen it 
animal studies at doses about 10 tunes the manmum recommended human 
ose 
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PRECAUTIONS: Panents recemeng carecholanune deplenng drugs s 
reserare should be closely obsepved f INDERAL is adimmstered. The a 
catecholamure blocking action of this dug mey then modice an excessive 
duchen of the seshag sympethene nervous attady. Üccasqnally the 
phermacologs acuity of INDERA: may produce hypotension and/or marked 
bradycardia resulimg s verugao. syecepa’ attacks. or orthostatic hypoten 

As with asy new drug given over prolonged penods, laboratory parameters 
should be observed at regular intersals. The drug should be used with caution in 
patients with amparreó renal or hepate fonction. 


ADVERSE REACTIONS. Cardiovasculas bradycardia. congestive heart 
mtensiieatun of AV blerk hypotension. aaresthesia of hands 
wsuthcency, usually of the Raynaud type, thrombiacytopemie purpura 

Čennai Newous System. ightheadedness, mente! depression mantested by 
nsomma, lassitude. weakness, langue, reversibie mental depression progresung 
19 calutane, asus! disturbances hallucmatons ae acute reversible syndi 
characlewed by Gssnentanes fer ume and glace. short term memory 
emotional labaty, shohiy clouded senspnum and decreased perfarmane: 
REUlODSy hoses 

Bastramtestinaé ragsea vorum, epgasine distress. abdominal camping 
Gatthea, consupatior, mesentenc tenal thrombosis. ischemic co 

Aere ghatyrapts and agranulocytosis, eryrhematous rash. fever combiner 
wth acting ard sore throat. largngesgasm and respiratory distress 

Hespeatpry bronchospasm 

Hemaidiage egrasulocytosis. neathtarbacylogene purpura. Thrombacyta 
fene pugus 

Mscedaneous mersble alopecie Oculemucecutangous reactions mvolvinig 
the ski, serach membranes aad eonjunchvae reported for a beta blocker 
pangal have not been conchuswely associated wih prapcancin! 

Cinca; Labecstary est Endings. Sevated tilond urea levels io patents with 
severe heart disease, devated serum mansammase alkalne phosphatase, lactate 
dehydrogenase 


BOSAGE ANE ADMINISTRATION. The desage range for INDERAL 
ipropranciol hedrochioride} is different for each indication. 
GRAL 

ARRHYTHMIAS -10.30 mg three or lour umes dady belorg meals and at 
tedume 

HYPERTROPHIC SUBADRTIC STENBEIS — 26-40 mg three ot fout pmes dady 
before meais and at bedime 

PHEOCHROMOCYTOMA — "reoperatvely - 5D. img dady in dented doses foc 
three days pror to surgery, conromsently wah an sipha-sdrenergic blocking 
agent 
Managemen: ef incperabie tumor 30 mg dady in tadeg doses 
PEDIATRIC DOSAGE. At hus nime the data on the use of the drug in this age group 
ate toa haed tc perna adequate directions lor use 
INTRAVENOUS. insravenous admmsranon cs tesewed for ite-threatenng 
ahythevas or these uccuring under mesthesa. Phe usual dose is from 1 te 3 
mg admunistered under carelol momtonng. eg. elecirocardographwe. centra! 
venous pressure The cate of admrastretuon should aor exceed 1 mg {7 mii per 
mete to denis? the passcbdity of loweang blood pressure and causing cardiac 
standstill Sufhnient hme should be allowed for the drug to reach the ste of 
atgan even when 3 cuzulgtinn is present Hf necessary, a second dose may 
be given aite Thereafter, additional drug should not be gwen m less 
than four enal INDERAL should not be gwen when the desired 
alteration in fhythin i$ achieved 

Trangie "wrapy should Se made as soon as possible. 

The mayenoes cdewnstrabon ot INDERAD has nor been evaluated 
adequately « the management of frypemenswe emergencies 


OVERDOSAGE GR EXAGGERATED RESPONSE: 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE. THE FOLLOWING 
MEASURES SHOUEL BE EMPLOYED 
BRADYCARDIA -ADMINISTER ATROPINE [D 25 to 1.0 mg} IF THERE 1S NG 
RESPONSE TO VAGAL BLOCKADE, ADMINISTER ISOPROTERENOL CAUTIOUSLY 
CARDIAC FAILURE —DIGHALIZATION ANG SIUREHCS 
HYPOTENSION—VASOPRESSORS. se. LEVARTERENOL GA EPINEPHRINE 
{THERE iS EVIDENCE THAT EPINEPHRINE 15 THE DAUG OF CHOICE | 
ERONCHOSPASM -ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED. SNOERAL ipropranolo: hydrachlondel 


TABLETS 

No. 46! tack scored tablet contams 13 mg of prepranclol hydrochloride, in 
taies of 160 and ! 808. Also i urat dose garage of 100 

No. £62 Each scored table: contains 27 mg ef propranolo! hydrachlonde, s 
bottles of 100 and 1.000 Aisa in une dose package of 100 

No. 464 — Fach scored tablet contains 43 mg cf prepranoiol hydrochlonde, in 
bottles of 100 and 1.000. Also w una dose package of 100 

No 468~fach scomd tablet contains BE mg of propranolo! hydrochlonde, in 
battles of 108 end 1098. Also im una dose package of 100 

INJECTABLE 

No 3265-fath mi comans | mg of propranalol hydrochlende in Water for 
inechon Tse pF s adjusted wth cine acd. Supphed as | mi ampuls m 
bores of 1C 


REFERENCES. 1. Shand. DG. N Engl. d Med. 299.280 Aug. 7) 1976. 2 
Conn, RD. PostgGd Mad. 55iNe 2:13] ffeb} 1874. 3. Fors, WIL, 
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DC. Ann intern. Med 58:587 (Apri 1987. B. Coodiey EL. and Snyder, S 
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The Amerec System. 
We can’t promise your patients good health, 
but we can help them along the way. 


The Amerec Tunturi Ergometer is durable exercise cycle-with training. Home exercise 
an ergonomically accurate preci- balanced flywheel, disc brakes, convenience and protection 
siom instrument as well as a infinitely variable tension utilizing the accuracy of calibrated 


adjustment, and com- 
bination tachometer/ 
odometer. Physician, 
therapist and patient 
alike all know just 
exactly how much 
exercise is being 
performed. The call toll-free 
Ergometer together 1-800/426-0858; or 
with Amerec's Palm-size ERM-101 write Amerec, Box 
ERM-101-a lightweight, easy-to- 3825, Bellevue, Washington 98009. 
read, heart-rate monitor that 

attaches to arm, body, or exercise 

machine - becomes the remarkable umm gums nui 

Amerec System for prescribed AME REC 

- programs of physical therapy, 

Tunturi Ergometer cardiotherapy, and aerobic 


fitness equipment 
and precision elec- 
tronics 

For complete 
information or the 
name of your nearest 
Amerec dealer, 
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Reporting on the day’s events... 










The New 


CAMSCAN 


System 





accurate, verifiable, clinically valuable 
Holter information. 


O an informative, intuitive arrhythmia report, indexed to the minute, the central 
element in your scanning report, serves also as a roadmap to reduce the time 
required for the manual scan. 

C] each CAMSCAN System Arrhythmia Report is verifiable through two independent 
means: 
first verification: take advantage of the to-the-minute accuracy of the system and 
rapidly examine two or three places on the tape corresponding to periods of high 
activity on the CAMSCAN System Report. 
second verification: during the documentation (manual) scan, program three 
audible tones to sound whenever various arrhythmias are detected — perform an 
audio vs visual check for false classifications. 


Total VPBS trend Clinical 
Time at beginning of hour 3] (scale 0-20* per minute) [5] correlations 
Total beats in hour [1] 


Heart rate trend 
Number of isolated VPBS in hour [2] 4j 


(scale 0-200* per minute) 


71100AM | TB-85312 
X107 HEART RATE 
20 


a7Q@AM  TB-84497  vPB-0685  /09000M  TB-04772  VPB-6295  /090BnM |TB-04799 VvPB-8823 /100@AM  TB-06491 | VPB=8181 
XI07 HEART RATE 
0; 


BEAT VT CPLT-8808 VT=000 
XIO=HEART RATE — 


PLT=018 VT=8822 G4 BEAT VT CPLT-808 VT-088 VT=003 





Minimum and maximum 






Short run of VT [6 


heart rate trend (scale 


0-200+ per minute) 





Total episodes of 
couplets and VT trend 
(scale 0-20+ per minute) 


Numbers of VPBS in [8] 
longest run of VT 


Runs of VT in hour [9] = 
Couplets in hour [10] 














A better way to report cardiac events: 
The CAMSCAN System Arrhythmia Report. 


D trends number of heartbeats in each minute (4). 

D trends minimum and maximum heart rate in each 
minute (11), thereby highlighting sinus pauses and 
blocks (12) that an operator may miss. 

D counts and prints number of heartbeats in each 
hour (1). 

D trends total VPB’s (3) as well as episodes of couplets 
and V-tach (7) in each minute. 

D counts and prints isolated VPB's (2), couplets (10), 
and runs of V-tach (9) in each hour in accordance 
with commonly used arrhythmia classifications. 


O counts and prints number of VPB's in longest run of 
V-tach (8). 

O shows short runs of V-tach usually as increased 
maximum heart rate (6). 

O shows clearly relationships between heart rate and 
ventricular ectopic activity, both with respect to 
each other and with respect to time (5). Heart rate 
and ectopic events can then also be easily corre- 
lated with event marks and the patient's activities, 
symptoms, and medications. 

O summarizes data from a 24-hour CAMSCAN System 
tape in just 13 minutes of unattended scan. 


To get more information on wbat tbe unique features and benefits of 
tbe CAMSCAN System can mean in your practice, contact your local AO representative. 


The New 


System 


...clearly defined 
Holter monitoring benefits 





American Optical MEDICAL DIVISION 
Crosby Drive, Bedford, MA 01730 








The CAMSCAN System 


takes full advantage of recent advances in electronics. 


The CAMSCAN System contains the 
latest in microprocessor technology 
and offers superior value and capa- 
bility over previous equipment. In 
designing the CAMSCAN System, en- 
gineers of the American Optical Med- 
ical Division have drawn on years of 
expertise with CAMS* for patient 
monitoring in the ICU and the CCU as 
well as years of Holter design experi- 
ence. The result is a new-generation 
Holter system that, in addition to its 


highly informative arrhythmia report, E | z 
offers a long list of important features. nad E i in 
Some of them are: m ——Ü 





O large, bright display screen—up to 64 seconds of ECG can be frozen for fast, easy review of 
events of interest. 


O scanner can be programmed to stop at up to 20 diary entries, hourly intervals as well as event 
marks to reduce operator fatigue and provide higher quality reports. 


O scanner can be programmed also to stop at any combination of five categories of arrhythmias for 
easier, more error-free scanning. 


O scanning speed is selectable at either 60X or 120X. 

[O two-channel paper strip recording operates at twice normal speed to save time 
[] each ECG strip shows patient time, ID number, and gain (size) setting. 

[O two ECG channels for maximum diagnostic information. 


[O crystal-controlled timing track recorded on the tape for precise time designation of 
cardiac events. 


O event marker supplements diary information. Does not interrupt the ECG or timing channels. 
O built-in calibrator is standard equipment providing convenience and economy. 
CL] permits playback of reel-to-reel tapes. 


a full line of CAMSCAN System accessories 
patient hookup kits/pregelled disposable electrodes/cassettes/patient information booklets/ patient 
diaries/chart paper/head cleaner kits/user manuals/test cables/patient cables 


supported by superior customer services 

C our customer service organization is staffed by electronics technicians who understand the 
principles of ambulatory cardiography. 

[O sixty-six service locations backed by five regional service stations that have extensive parts and 
consumables inventories. 

O in-service performed by experienced registered nurses. 


The New 
CANISCAN / i: 
Holter monitoring benefits | be Se OS MEDICAL DMISION 
System Crosby Drive, Bedford, MA 01730 
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CASE REPORTS 


s r isop yramide-Induced Ventricular Fibrillation 





W. JAY NICHOLSON, MD, FACC Three cases are described with documented ventricular fibrillation shortly 

C. EDWIN MARTIN, MD, FACC after the patients received disopyramide in moderate dosage. Electro- 

JACK G. GRACEY, MD cardiograms showed markedly prolonged Q-T intervals in two patients 

H. ROEBLING KNOCH, MD and a prominent U wave with a prolonged Q-U interval in one patient, but 

York, Pennsylvania no change in QRS width. Disopyramide-induced ventricular fibrillation 
appears to be similar to that caused by quinidine and is an indication to 
discontinue the drug. 


Disopyramide is a new antiarrhythmic agent that has enjoyed recent 
clinical popularity in the treatment of cardiac arrhythmias. It has been 
shown to be efficacious in suppressing premature extrasystoles and 
tachycardias of both supraventricular and ventricular origin.!-4 It has 
been stated to cause fewer dangerous side effects than quinidine. A case 
of ventricular tachycardia with a widened QRS complex and a prolonged 
Q-T interval precipitated by toxic dosage of disopyramide has been re- 
ported.? We recently encountered three cases of recurrent ventricular 
fibrillation that closely followed the institution of oral disopyramide 
therapy in only moderate doses. In each instance the repolarization 
changes in the electrocardiogram during therapy with this drug were 
remarkable. 


Case Reports 


Casei 


A 67 year old white woman had a mitral commissurotomy in 1958 for rheu- 
matic mitral valve stenosis. In August 1978 she underwent mitral and aortic valve 
replacement at this institution for severe aortic and mitral stenosis. On the 1st 
postoperative day episodic atrial tachycardia and atrial fibrillation developed. 
Digoxin had been withheld for 72 hours preoperatively. She received 1 mg of 
digoxin intravenously over a 24 hour period. Therapy with oral disopyramide, 
150 mg every 4 hours, was started. Eight hours after the initial dose, recurrent 
ventricular fibrillation developed (Fig. 1), necessitating repeated defibrillation. 
The electrocardiogram showed a markedly prolonged Q-T interval (Fig. 2). 
Serum potassium was 4.2 mEg/liter. Ventricular fibrillation recurred repeatedly 
during the next 30 hours despite the withdrawal of disopyramide and treatment 
with lidocaine, propranolol, diphenylhydantoin and procainamide. A temporary 
pacemaker was then inserted and overdrive pacing successfully instituted. With 
the patient receiving no medication, subsequent electrocardiograms showed a 
normal Q-T interval (Fig. 2). She was discharged from the hospital with digoxin, 
0.125 mg/day, as her only medication. 

Comment: This patient underwent an uneventful double valve replacement 
complicated by postoperative supraventricular tachyarrhythmia. After the third 
dose of disopyramide, which was instituted to suppress the atrial arrhythmia; —. 
repeated episodes of ventricular fibrillation developed. An electrocardiogram 


‘From the Division of Cardiology, Department 
of Medicine. York Hospital, York, Pennsylvania. 
Manuscript received November 13, 1978, ac- 


cepted November 29, 1978. showed a prolonged Q-T interval with a normal QRS duration. The ventricular _ 
Address tor reprints: W. Jay Nicholson, MD, arrhythmia was finally controlled with overdrive pacing. Electrocardiograms - 
Division of Cardiology, York Hospital, 1001 South obtained after discontinuance of disopyramide showed a normal Q-T interval - 
-George Street, York, Pennsylvania 17405. and no ventricular irritability. 
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DISOPYRAMIDE-INDUCED VENTRICULAR FIBRILLATION—NICHOLSON ET AL. 





FIGURE 1. Monitor leads showing spontaneous ventricular tachyar- 
rhythmia occurring in three cases during disopyramide therapy. 


Case 2 


i05. A 61-year old woman had a mitral commissurotomy in 1963 

for rheumatic mitral valve stenosis. In 1976, while receiving 
-no digitalis, she had paroxysmal atrial tachycardia with 2:1 
atrioventricular (A-V) block. In July 1978, complete heart 
block with paroxysmal atrial tachycardia again occurred in 
the absence of digitalis, and a permanent pacemaker was 
implanted. The patient was given oral disopyramide, 150 mg 
every 6 hours, and digoxin, 0.25 mg/day. She was readmitted 


CASE 2 


ON OFF 
DISOPYRAMIDE DISOPYRAMIDE 





FIGURE 3. Case 2. Selected electrocardiographic leads demonstrating 
paroxysmal atrial tachycardia with: high grade A-V block and a markedly 
prolonged Q-T interval while the patient was receiving disopyramide. 
Normalization of the Q-T interval during an episode of junctional 
tachycardia followed discontinuston of disopyramide. 


CASE 1 


CN ort 
DISOPYRAMIDE 


BISOPYRAMIGE 





FIGURE 2. Case 1. Electrocardiographic documentation of junctional 
rhythm with a markedly prolonged Q-T interval while the patient was 
receiving disopyramide. Normalization of the Q-T interval followed 
discontinuation of disopyramide. 


to this hospital in August 1978 because of episodic weakness. 
The electrocardiogram on admission showed a markedly 
prolonged Q-T interval (Fig. 3) and episodes of self-termi- 
nating ventricular fibrillation (Fig. 1). The serum potassium 
was 4.7 mEgq/liter: Disopyramide was discontinued. There 
were no further episodes of ventricular fibrillation. A subse- 
quent electrocardiogram during junctional tachycardia 
showed a normal Q-T interval (Fig. 3). 

Comment: This patient presented with rheumatic mitral 
valve stenosis and paroxysmal atrial tachycardia with episodes 
of complete heart block. Treatment with disopyramide pro- 
duced a markedly prolonged Q-T interval and episodes of 
self-terminating ventricular fibrillation. Discontinuance of 


the disopyramide resulted in normalization of the Q-T interval 7 


without further episodes of ventricular fibrillation. 


Case 3 


A 46 year old white woman had prolapsing mitral valve 
syndrome documented with echocardiography and cardiac 
catheterization. Helter 24 hour electrocardiographic moni- 
toring in June 1978 showed frequent ventricular extrasystoles 
with brief bursts of asymptomatic ventricular tachycardia. 
On August 3, 1978 institution of treatment with oral disopy- 
ramide, 150 mg four times daily, resulted in nearly complete 
suppression of ventricular ectopy. Other medications included 
a thiazide diuretic drug once daily and a potassium supple- 
ment twice daily. On August 9 the patient became pulseless, 
cyanotic and apneic. Immediate resuscitatory efforts were 
successful and the patient was transported to this hospital. 
The electrocardiogram on admission (Fig. 4) demonstrated | 
a prolonged Q-T interval, normal QRS duration and a very 
prominent U wave and recurrent ventricular tachyarrhyth- 
mias (Fig. 1). Serum potassium was 3.7 mEgq/liter. Disopy- 
ramide was discontinued. Ventricular ectopy and tachyar- 
rhythmia were subsequently suppressed with oral propranolol, 
60 mg four times daily, and diphenylhydantoin, 100 mg four 
times daily. Previous and subsequent electrocardiograms 


1054 May 1979 The American Journal of CARDIOLOGY Volume 43 





CASE 3 


ON OFF 
DISOPYRAMIDE 


DISOPYRAMIDE 





FIGURE 4. Case 3. Electrocardiographic documentation of a prominent 
U.wave with a prolonged Q-U interval occurring while the patient was 
receiving disopyramide. Normalization of the electrocardiogram fol- 
lowed discontinuance of disopyramide. 







showed a normal Q-T interval and much less prominent U 
waves (Fig. 4). 

Comment: This patient presented with a prolapsing mitral 
valve syndrome with ventricular arrhythmia. Treatment with 
disopyramide produced a very prominent U wave, prolonga- 
tion of theQ-T interval and worsening of the ventricular ar- 
rhythmia followed by a cardiac arrest. The Q-T interval and 
U wave normalized after disopyramide was discontinued. 


Discussion 


Disopyramide is classified as a type I antiarrhythmic 
agent because it decreases the rate of phase IV depo- 
larization, diminishes myocardial conduction velocity 
and prolongs effective and functional refractory periods 
in the atrium, A-V node and ventricles.9-9 Thus, its 
. electrophysiologic effects are similar to those of quini- 
|. dine. A well documented instance of a prolonged QRS 
^ eomplex and Q-T interval with ventricular tachycardia, 
but without syncope, has been reported.5 This rhythm 
occurred while the patient was inadvertently receiving 
a large oral dosage (600 mg every 6 hours) of disopy- 
ramide resulting in toxic blood levels. “Quinidine syn- 
cope” (ventricular tachyarrhythmia) and marked Q-T 


DISOPYRAMIDE-INDUCED VENTRICULAR FIBRILLATION--NICHOLSON ET AL: 


TABLE ! 


Relation between Administration of Disopyramide, 
Corrected Q-T interval (sec) or Q-U interval (sec) in Three 
Cases 








OU, 
interval 
Q-T, interval (sec) (sec) 
State Case 1 Case 2 Case 3 
Receiving 0.56 0.54 0.72 
disopyramide 
No disopyramide 0.38 0.36 0.43 








prolongation have not previously been reported with 
usual dosages of disopyramide. 

Our patients treated with disopyramide had three 
types of heart disease: chronic valve disease, postoper- 
ative rheumatic valve disease and prolapsing mitral 
valve syndrome. All three patients had complicated 
cardiovascular disorders necessitating varied treatment 
methods. All had been under long-term care, and only 
Patient 3 had prior documentation of asymptomatic 
ventricular arrhythmia. Because these three cases of 
repetitive ventricular tachyarrhythmia were noted in 
a short time span, the clinical course of the patients was 
reviewed. It became clear that in these three cases recent 
disopyramide treatment was associated with the oc- 
currence of ventricular tachyarrhythmia. Marked pro- 
longation of the Q-T interval was present in the third 
instance. An electrocardiogram obtained after discon- 
tinuance of the disopyramide manifested normalization 
of the Q- T and Q-U intervals (Table D). 

Implications: We believe that the recurrent ven- 
tricular tachycardia in these three cases represents 
episodes of quinidine-like syncope precipitated by di- 
sopyramide. Patients receiving treatment with diso- 
pyramide should be closely monitored for symptoms of 
ventricular tachyarrhythmia in the manner of patients 
receiving quinidine.” Should such episodes occur, the 
drug should be discontinued immediately. Patients 
showing. disproportionate repolarization changes 
(prolonged Q- T and Q-U intervals) should be followed 
up closely and perhaps have the drug withheld. 
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Recent Advances in Digitalis Research* 


DEAN T. MASON, MD, FACC 
NAJAM A. AWAN, MD, FACC 


Davis and Sacramento, California 


In view of the exciting recent advances in digitialis re- 
search that have afforded physicians an improved un- 
derstanding of the drug’s pharmacology and therapeutic 
nature, it is particularly relevant that four articles in this 
-. issue of the Journal! focus attention on new knowledge 
germane to judicious application of the glycosides in the 
management of cardiac dysfunction in different clinical 
settings. Following the highly productive investigations 
of the 1960's elucidating the mechanisms of the bene- 
ficial cardiocirculatory effects of digitalis on a physio- 
logic basis,? the present era of more fundamental un- 
derstanding was initiated with Butler's development 
of digitalis-specific antibodies and glycoside radioim- 
munoassay, which allowed for the first time an accurate 
and practical means for the clinical measurement of 
serum digitalis concentrations.’ Subsequently, con- 
siderable information has been gained® about glycoside 
metabolism, cardiac receptor characteristics, pharma- 
cokinetics,? intestinal absorption, dose-contractility 
response,!° digitalization,!! drug interactions,!? toxic- 
ity! and specific arrhythmic antidotes.!? In addition, 
recent biochemical and electrophysiologic studies!9-15 
have provided valuable insight concerning the subcell 
mechanisms of the agent's contractile and toxic ac- 
tions. 


Digitalis in Sick Sinus Syndrome 


In this issue of the Journal, Reiffel, Bigger and Cra- 
mer! report on their investigation of the important 
clinical consideration of the influence of digitalis on 
- sinus nodal function in patients with sick sinus syn- 
drome. Their findings are in agreement with the pre- 
vious observations by Vera et al.'? that digoxin does not 
exert negative chronotropic effects or cause further 
prolongation of sinus nodal recovery time. Because sinus 
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nodal recovery testing lacks sensitivity,?? it is gratifying 
that our group!? also found in patients with the sick 
sinus syndrome that digoxin neither altered heart rate 
on ambulatory electrocardiographic monitoring nor 
affected maximal exercise heart rate. The new obser- 
vation of Reiffel et al.! of digoxin-induced slowing of 
heart rate and prolongation of sinus nodal recovery time 
in the sick sinus syndrome after administration of at- 
ropine indicates an effect similar to the effect of digitalis 
in the denervated human transplanted heart.” 
"Therefore, it appears to us that the post-atropine sup- 
pression of sinus nodal function is probably a direct 
effect of the glycoside rather than an antiadrenergic 
action,! particularly when one also considers that 
masking rather than augmenting the antiadrenergic 
activity of digitalis would. be expected after vagal 
blockade. In any event, the finding that digitalis ad- 
versely affects sinus nodal function in the absence of 
parasympathetic function! appears to be limited to the 
special abnormal condition of sick sinus syndrome and 
to have limited clinica! relevance. 

It is difficult to appreciate the recommendation! that 
patients with particularly severe sinus node disease be 
given a trial of intravenous digoxin with electrophysi- 
ologic evaluation before long-term use of the glycoside, ^ 
is instituted, because no correlation has been noted!19 
between sinus nodal function and deleterious effects of 
the drug; indeeed those patients with marked sinus 
nodal depression demonstrated improved sinus nodal. 
function after administration of digitalis.!19 Never- 
theless, we entirely agree with the principal clinically 
important conclusion that digoxin does not exert ad- 
verse effects on sinus nedal function in sick sinus syn- 
drome, and that it can be used safely in patients with 
this syndrome when it is indicated for treatment. of 
cardiac pump dysfunction or for control of tachyar- 
rhythmias. 


Nitroprusside and Digoxin Combined Therapy in 
Myocardial Infarction With Heart Failure 
Raabe? in this issue has referred to the previously well 


doeumented?? salutary effects of intravenous nitro- 
prusside on congestive heart failure complicating acute 
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myocardial infarction as shown by considerable alle- 
viation of markedly elevated left ventricular filling 
pressure and elevation to normal values of decreased 
cardiac output. In his study,? the addition of intrave- 


__ nous digoxin resulted in further elevation of the nitro- 


_ prusside-induced normal cardiac output and further 


c decrease of the nitroprusside-induced normal total 


systemic vascular resistance without decreasing the 
- moderately increased, but optimal,?? left ventricular 
filling pressure. The addition of digitalis in these pa- 
tients was unnecessary and potentially hazardous be- 
cause the initially abnormal hemodynamic state had 
been corrected or optimized with use of nitroprusside 
alone. If the abnormal hemodynamic state was not 
satisfactorily improved with use of the vasodilator, the 
next approach would be to increase the infusion rate of 
nitroprusside to provide normal cardiac output and 
optimal left ventricular preload while maintaining 
normal systemic arterial pressure and ensuring that left 
*^ ventricular filling pressure does not decline below the 

- upper limit of normal.?* In the event a cardiotonic agent 
is required, intravenous dopamine or dobutamine 
should be utilized. 

That the moderately elevated left ventricular filling 
pressure was not diminished by digitalis while the car- 
diac output increased is highly unusual. Thus the in- 
creased left ventricular end-diastolic pressure should 
have decreased after digoxin for at least two reasons: (1) 
The greater stroke output afforded by the reduced im- 
pedance to left ventricular ejection and enhanced con- 
tractility decrease the chamber's end-diastolic pres- 
sure,?? and (2) the sympathetic withdrawal that ac- 
companies an increase in cardiac output in patients with 
heart failure results in systemic venodilation?8 as well 
as the decrease in systemic vascular resistance that oc- 
cured in the patients in this study. Parenthetically, we 
point out that when decreased cardiac output is not 
increased by digitalis, as may occur in a severely in- 
farcted left ventricle unable to respond to the cardio- 
_ tonic agent, the cardiac output may decrease further?" 
- because the moderate direct systemic arteriolar con- 
- Strictor action of digitalis is not overbalanced by greater 
- indirect vasodilation due to sympathetic withdrawal,?8 
rather than because the drug's direct effect of systemic 
arteriolar constriction precedes its direct effect of pos- 
itive contractility2’; the direct vasoconstrictor action 
occurs simultaneously with the direct positive inotropic 
action of the glycoside.?9 

Digitalis is no longer considered an agent of first 
choice in the treatment of congestive heart failure due 
to myocardial infarction.?? A diuretic drug or a long- 
acting nitrate is used initially when left ventricular 
filling pressure is excessively elevated and cardiac 
| output is normal??; nitroprusside (with dopamine or 
dobutamine if necessary) is used initially when left 
ventricular end-diastolic pressure is excessively in- 
creased and cardiac output is substantially decreased.?? 
Furthermore, the beneficial effects of digitalis are in- 
consistent in heart failure due to myocardial infarc- 
| tion?*: the ischemic myocardium is unresponsive to the 
_ drug at levels of hypoxia at which dopamine still fully 
“exerts its direct positive inotropic action,?! and there 
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is probably increased arrhythmogenesis caused by 
digitalis in the freshly necrotic myocardium.!* 


Digitalis Effects on Myocardial Ischemia in 
Chronic Coronary Disease 


The crucial effect of digitalis on myocardial oxygen 
consumption in chronic coronary artery disease is ex- 
amined in patients with stable angina pectoris by Loeb, 
Streitmatter, Braunstein, Jacobs, Croke and Gunnar? 
in another article in this issue. Left ventricular oxygen 
demand is predominantly governed by interplay among 
three hemodynamic-related determinants: (1) in- 
tramyocardial tension (afterload [product of systolic 
blood pressure and chamber radius]), (2) contractile 
state, and (3) heart rate.8 However, Loeb et al. found 
that global energetics were unaltered by ouabain in 
hearts with a normal or a depressed ejection fraction. 
These findings are unexpected; one would anticipate 
that the glycoside would increase cardiac energetics in 
the normal functioning hearts and decrease cardiac 
energy demand in the abnormally performing 
hearts.?? 

In the normal heart the principal action of digitalis 
on the three determinants of cardiac oxygen require- 
ments is to increase contractility; because the positive 
inotropic effect of the glycosides elevates myocardial 
oxygen needs in the normal heart (as is the case in one 
of the two groups studied by Loeb et al.?), digitalis 
should have elevated myocardial energetics.? In con- 
trast, digitalis reduces overall myocardial oxygen con- 
sumption and increases cardiac efficiency in the dys- 
functioning heart. Thus, in the enlarged heart with 
abnormal function, left ventricular wall tension is di- 
minished by the decrease in heart size that accompanies 
the positive inotropic action of the glycoside. In terms 
of cardiac oxygen needs, this indirect reduction in wall 
tension together with the indirect decline in the rela- 
tively high heart rate due to sympathetic withdrawal is 
substantially greater than the direct increase in con- 
tractility produced by digitalis.? Therefore, in chronic 
ischemic heart disease with ventricular dysfunction (as 
in the other group studied by Loeb et al.®), digitalis 
should have exerted an antianginal effect. This im- 
provement by digitalis in myocardial energetics in the 
dysfunctioning heart is not a fundamental property of 
the agent®; rather, in this condition, it overrides the 
increased need for oxygen normally associated with the 
direct positive inotropic action of the glycoside. 

The inability of Loeb et al? to demonstrate these 
anticipated results of the disparate effects of digitalis 
on cardiac aerobic metabolism in the two patient groups 
was probably due to insensitive methodology. Further, 
that concordant hemodynamic alterations produced by 
digitalis were not obtained adds to the difficulty in as- 
sessing these data concerning myocardial energetics. In 
addition, their study is lacking in the most critical as- 
pect of myocardial energetics requiring examination in 


patients with coronary artery disease; their evaluation — 


of only global ischemia fails to permit analysis of the- ; 
metabolic and mechanical effects of digitalis on the 
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segmental regions of left ventricular ischemia charac- 
teristic of this disease. 


Digitalis Effects on Abnormal Segmental 
Mechanics in Coronary Artery Disease 


The final paper on digitalis in this issue, by Kleiman, 
Alderman, Goldman, Ingels, Daughters and Stinson,’ 
explores the effects of intravenous digoxin on regional 
dyssynergy and left ventricular function in patients with 
chronic coronary heart disease. Segmental movement 
and global function were derived by dynamic fluo- 
roscopic analysis of seven mid-wall metallic markers 
placed at intervals in an attempt to outline the left 
ventricular silhouette and to establish transverse 
chamber axes. As judged by this difficult technique, the 
investigators were unable to demonstrate major bene- 
ficial effects of digitalis on regional wall shortening in 
these patients with minimally abnormal left ventricular 
performance. 

In contrast, patients with stable coronary heart dis- 
ease evaluated at our institution?? with complete left 
heart catheterization and ventriculography performed 
before and approximately 1 hour after intravenous 
administration of ouabain demonstrated considerable 
enhancement of left ventricular function and im- 
provement in segmental dyssynergy. In additional 
8tudies?* on the effects of digitalis on segmental con- 
traction abnormalities, we determined the extent of 
contractile response in infarcted, ischemic and normal 
areas in the intact canine heart. Intravenous ouabain, 
given 15 minutes after a stable state had been achieved 
after coronary occlusion, produced positive responses 
in all areas, expressed as percent increases in tension in 
each of these zones as measured with strain gauge arches 
(infarcted area 13 percent, ischemic area 25 percent, 
normal area 27 percent). Thus, the acutely ischemic 
myocardium responds to digitalis, and the positive in- 
otropic action of the agent decreases with increasing 
degrees of ischemia. Also relevant in this regard are 
studies in experimenta! animals?) showing that raising 


myocardial oxygen requirements in the normal heart 
by stimulating contractility with digitalis increases the 
extent of left ventricular ischemia and necrosis that 
follows subsequent coronary occlusion. In contrast, in 
the presence of ventricular dysfunction and cardio- 
megaly, treatment with the glycoside before coronary 
arterial obstruction reduces the size of myocardial 
ischemia and infarction. 


Conclusions 


The fundamental therapeutic action of digitalis is 
stimulation of ventricular contractile state. The ex- 
pression of this increased contractility is dependent on 
the integrity of cardiocirculatory status when the gly- 
coside is administered. Thus, by interplay between di- 
rect and indirect cardiac and vascular effects, variable 
and even opposite changes in cardiac output, peripheral 
circulatory dynamies and myocardial oxygen con- 
sumption can oceur. At the subcell level, the positive 
inotropic property of digitalis appears to result from 
glycoside-induced enhanced intracell influx of calcium 
produced by the drug's action on the cardiac cell 
membrane. In contrast, transmembrane fluxes of so- 
dium and potassium underlie the electrical properties 
of the glycosides. Future research should clarify the 
nature of the digitalis receptor and further define the 
subcell contractile and toxic mechanisms of the agent, 
as well as elucidate more completely the modified ac- 
tions of the glycosides in specifie types of cardiac dis- 
eases as exemplified by the four studies reported in this 
issue of the Journal. Lastly, it is of considerable im- 
portance to formulate the most judicious medical 
management for heart failure refractory to conventional 
therapy with digitalis and diuretic drugs,?? particularly 
in view of the current interest in systemic vasodilators 
and innovative new cardiotonics. 
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LETTERS TO THE EDITOR 





INTERSPERSED ADVERTISING 


Advertising is an American way of life, and all the major 
medical journals in the United States subsist in part on ad- 
vertising from various companies promoting drugs or hard or 
soft ware. As a subscriber to The American Journal of Car- 
dialogy, I have noted a disturbing trend toward the conversion 
of the format of the Journal to that of a “throw-away” type, 
with a heavy sprinkling of advertising within the main body. 
For example, in four consecutive September issues of the 
Journal I noted the following frequency of inter-article ad- 
vertising: 1975 one advertising break, 1976 one break, 1977 
three breaks and 1978 three breaks. The first inter-article 
advertising break in the September issue of 1978 contains 
advertisements from no fewer than 13 different companies, 
all trying to capture the weary eyes of the reader. 

Because complete abolition of advertising in American 
medical journals is an impossibility, I propose that a respected 
journal such as yours adopt the format of Circulation, Annals 
of Internal Medicine and The New England Journal of 
Medicine, among others, of disallowing inter-article adver- 
tising inserts, and permitting advertising only before and after 
the main body of the text. 

Djon Indra, MD 
Hilo, Hawaii 


REPLY 


Dr. Indra raises valid points about the interspersion of ad- 
vertising between complete papers of the Journal. As Pub- 
lisher, | would like to share a few thoughts regarding the ra- 
tionale for this policy. 

The field of medical publishing has been marked by a 
plethora of developments that have added new dimensions 
to established methodologies. In the past few years alone more 
than 70 new medical magazines have been introduced. Re- 
search indicates that in some cases they are receiving a degree 
of attention from physicians. As a result, pharmaceutical and 
medical equipment firms are faced with the question whether 
to settle for good advertising visibility in a questionable 
reading environment or questionable advertising page visi- 
bility in an outstanding environment such as that of The 
American Journal of Cardiology. i 

When we made the decision to allow limited interspersion 
of advertising between sections of the Journal we considered 

| our responsibilities in this order of priority. First, our reader, 
the physician who now pays $32 a year to receive our Journal, 
and second, the advertisers, who make it possible for us to 
publish the Journal at that subscription rate. Without ad- 
vertising, subscription costs would at least double. 

We asked ourselves, and through reader research, what the 
net effect would be of changing our "stacked" advertising 
placement policy. We discovered that, if the change were 
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MORE ON CORONARY BYPASS SURGERY—1 


I have just read the three editorials by Loop,! Hultgren? and 
Braunwald? and their co-workers on the subject of coronary 
bypass surgery. 1 am aware that the subject has had a wide 
airing, but perhaps I may be permitted a few comments since 
I was one of the Veterans Administration Chiefs of Cardiology 
who, in 1970, declined to participate in the VA study, though 
we were already active in this form of surgery. The decision 
was not taken lightly, and there were several reasons for it. 
Important among them was the evident variability in the 
quality of the surgery I observed within the one institution, 
a consequence of the requirements of the university teaching 
program. I would, for instance, see on one day a general sur- 
gical resident who was retating through the VA cardiovascular 
surgical service putting in the sutures of the coronary anas- 
tomoses. Granted, he was doing it under supervision, but as 
far as I was concerned, it was still a neophyte pair of hands. 
On another day, it would be the Chief of Service. I failed to see 
how any meaningful conclusions, with wide applicability, 
could emerge from my sending out data from these cases into 
a common pool, and I foresaw the whole study as likely to be 
an expensive and time-consuming effort without valid con- 
clusions. 

It is of ne importance whether the personal decision was 
right or wrong. It is of considerable importance whether the 
general reasoning is right or wrong. The stark question “Does 
coronary bypass surgery prolong life?" is one that in itself is 
meaningless unless the conditions are defined. There is no 
such thing as “an operation” except zs an abstraction from 
reality: What is real is a particular procedure performed by 
a particular person of particular skills in particular circum- 
stances. The fallacy of the approach exemplified by the VA 
study is that so few of the variables can in fact be controlled. 
There is much more invoived than the age of the patient, the 
ejection fraction and the number of coronary vessels seen to 
be diseased in the angiogram. The question “Does coronary 
bypass surgery prolong life?" nevertheless continues to be 
asked as if it had a general answer, and I submit that there is 
none. 

The question asked must therefore be defined very care- 
fully, and could be any one of the following: (1) Does coronary 
bypass surgery prolong life when performed by a highly skilled 
surgeon in ideal circumstances? (2) Does coronary bypass 
surgery prolong life when performed by a given surgeon at a, 
given VA hospital? (3) Does coronary bypass surgery prolong 
life when performed by Dr. X in Hospital Y? 
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It is of no particular relevance to know that the operative 
mortality in the VA study “compares favorably with the sur- 
gical experience of many large surgical centers in the U.S. 
during 1972 te 1974," ? at least as far as answering any of these 


> specific questions in concerned, although such comparisons 


serve to distract attention from the real issues. 

The VA study is another worthy attempt to make a silk 
purse out of a sow's ear, and (may I be forgiven the double 
metaphor) has turned out to be a pig in a poke. The data, ap- 
propriately arranged, can be applied only to an attempt to 
answer question 2 above. 

The more critical issue remains the one that is revealed by 
another failure of a carefully designed randomized controlled 
prospective study to answer, to general satisfaction, the 
question that it set out to answer. It is generally assumed that 
this approach is the one that is most likely to lead to the es- 
tablishment of “the truth,” on the predication that “the truth” 
exists and that there is an answer to every question. Loop et 
al.,! for instance, throw a sop to Cerberus by stating “No 
clinician argues with the potential validity of this investigative 
method. Clinical trials have enormous value.” Chalmers has 
argued passionately in favor of the methodology, as a conse- 
quence of which he has been called “the high priest among the 
randomizer theologians”-—expressing incidentally the cult 
nature of the affair. Feinstein’ has said, in relation to the 
collection of vital statistics, that “the most lamentable aspect 
of the fundamental problem, however, is the credulity and 
complacency with which egregiously defective statistics are 
accepted, used and disseminated as the basis of conclusions 
about so many major diseases. . . .” 

Despite the assertion of Loop et al., there are a few clinicians 
who argue with the validity of the method and consider that 
the repeated failure of such studies to convince lies not in bad 
design or bad performance but in the basic invalidity of a 
method that involves the pooling of disparate data and the 
concept of “controls.” Sir Peter Medawar, himself a distin- 
guished scientist, has stated his opinion. In discussing the 
nature of medical activity in terms of the broad demarcation 
between the “natural sciences” and “what can only be de- 
scribed as the ‘unnatural sciences,” he writes as follows®: “It 
will at once be recognized as a distinguishing mark of the latter 
that its practitioners try most painstakingly to imitate what 


_ they believe—quite wrongly alas for them—to be the dis- 
“tinctive manners and observances of the natural sciences. 


Among these are (a) the belief that measurement and nume- 
ration are intrinsically praiseworthy (the worship, indeed, of 
what Ernst Gombrich calls ‘idola quantitatis"); (b) the whole 
discredited farrago of inductivism— especially the belief that 
facts are prior to ideas and that a sufficiently voluminous 
compilation of facts can be processed by a calculus of discovery 
in such a way as to yield general principles and natural- 
seeming laws; (c) faith in the efficacy of statistical formulae, 
particularly when processed by a computer—the use of which 
is interpreted as a mark of scientific manhood." 

The retitling by Loop et al. of Braunwald's editorial “Cor- 
onary Artery Surgery at the Crossroads" to “Randomized 
Prospective Studies of Coronary Artery Disease at the 
Crossroads" might with profit be further modified to “Ran- 
domized Prospective Studies at the Crossroads." It is about 
this that debate is needed, rather than about the attempt to 
answer questions that, as posed, are unanswerable. If the VA 
study leads to such a dialog, it will have at least performed that 
signal service. 


G Hywel Davies MD, FACC 
Valais, Switzerland 


LETTERS- 


References 


1. Loop FD, Proudfit WL, Sheldon WC: Coronary bypass surgery weighed in the balance. 
Am J Cardiol 42:154-156, 1978 

2. Hultgren HH, Takaro T, Detre KM, Murphy ML: Evaluation of the efficacy of coronary 
bypass surgery—1. Am J Cardiol 42:157-160, 1978 

3. Braunwald E: Evaluation of coronary bypass surgery-——li. Am J Cardioi 42:16 1~162, 
1978 

4. Feinstein AR: The intellectual morbidity of vital statistics. Med Counterpoint, November 
1969, p 34-40 

5. Medawar P: New York Review of Books, February 3, 1977 


MORE ON CORONARY BYPASS SURGERY—1 


The recent trio of editorials testifies to the continuing argu- 
ment over the exact place of coronary bypass surgery. The 
Cleveland Clinic group make what might be telling criticisms 
if they had not been ably answered by Hultgren and col- 
leagues. In this context, observer variability and indeed the 
argument over the Veterans Administration’s coronary an- 
glograms are somewhat mitigated by the fact that randomi- 
zation should have distributed their quality levels equally in 
both the surgically and medically treated patients. 

Braunwald's editorial has also ably countered the comments 
of Loop and colleagues. The point here is, however, that this 
dispute (not to mention the volume of literature on this 
subject in the past few years) need not have taken place. 
Braunwald mentions the need for “randomized clinical trials.” 
This is the crux of the problem, but only a part of the general 
picture. 

The campaign for randomized trials of both coronary sur- 
gery!*> and other cardiac surgery (aortic stenosis,!* Vineberg 
implants!4) began with a series of letters in 1970! when it 
became obvious that bypass was to become a growth industry. 
The first formal essay analyzing the problems and indicating 
the urgent need for controlled trials appeared in The Ameri- 
can Heart Journal in February 1971? and was followed by 
Braunwald’s editorial in Hospital Practice.? Despite these 
efforts and subsequent attempts to point out for surgery what 
is an accepted fact in medicine, the number of surgical pro- 
cedures has progressively burgeoned with a torrent of pub- 
lished reports. Why does this continue? It is clear that most 
surgeons and their more enthusiastic medical colleagues 
deeply believe in the efficacy of coronary bypass (ultimately 
justified, at least for symptomatic relief and for left main 
coronary occlusion). One cannot deal directly with such feel- 
ings in persons who are honestly convinced that what they are 
doing is best for their patients. The problem was, is (and will 
be unless changed) the malfeasance (no other word will do) 
of the natural referees of medicine— journal editors and re- 
viewers and the evaluators of abstracts for national meetings. 
Had they applied standards comparable with those demanded 
of controlled trials of medical therapies from the outset, it is 
likely that we would have had better answers and much less 
argument by this time. 

I have only one cavil with Braunwald’s excellent analysis 
of the situation. He proposes that prospective randomized 
trials be performed "after pilot studies." I hope he means pilot 
studies in animals. Chalmers has analyzed the “pernicious 
effect of pilot studies," and all interested parties are encour- 
aged to check this reference. He demonstrated that it is pos- 
sible to randomize patients for any kind of therapy from the 
very outset. Random allocation in pilot studies would tend to 
make them conclusive, while permitting 50 percent of the 
possible candidates to avoid a promising, but untested 
treatment. At the same time, physicians who become exces- 
sively convinced on the basis of such appropriately designed 
pilot studies would not be able to escape by using the argu- 
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ment that they would find subsequent randomization to be 
unethical. 
David H. Spodick, MD, DSc, FACC 
Department of Medicine 
University of Massachusetts 
Medical School 
Division of Cardiology 
St. Vincent Hospital 
Worcester, Massachusetts 
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MORE ON CORONARY BYPASS SURGERY— Ill 


One point I would like to raise concerns the absolute accep- 
tance of a left main coronary lesion as an indication for sur- 
gery. The only study that has explored this in a controlled 
manner is the Veterans Administration study. Criticism on 
this point has recently been published by Graham.! 

An argument can be made that not all of the patients 
treated medically were receiving propranolol, none were re- 
ceiving sulfinpyrazone (later shown to reduce the incidence 
of sudden death)? and all were taken care of in a clinic setting 
as provided by VA institutions. One could suggest that caring 
for patients in a private practice setting might favorably in- 
fluence prognosis. In addition, subsets of patients with left 
main coronary artery disease have been described.?4 Such 
patients should be further categorized as to whether the left 
main artery is narrowed by 50 to 70 percent, 70 to 90 percent 
or 90 percent or greater, the status of the right coronary artery 
and of the left ventricle, as well as other clinical and nonin- 
vasive indicators. 

It would appear that medical management has advanced 
significantly since the VA study and that further randomized 
trials of selected patients with left main coronary artery dis- 
ease might very well be warranted. 


George B. Prozan, MD 
Burlingame, California 
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MORE ON CORONARY BYPASS SURGERY—iV 


We take issue with the statement by Hultgren et al. that 
“improved patient selection” is an important factor in the 
decrease in operative mortality for coronary bypass surgery 
seen during the last 8 years. 

Before 1974, patients with a systolic ejection fraction of less 
than 0.30, recent myocardial infarction, unstable angina, 
poorly visualized vessels beyond obstructions and chronic 


renal disease (creatinine clearance less than 30 ml/min) were 
generally excluded from surgery or experienced an increased 
mortality rate. All of these patient groups are now operated 
upon with a 1 percent, 30 day operative mortality rate.! This 
practice pattern and these results in two settings (Penn State’s 
Milton S. Hershey Medical Center in Hershey, Pennsylvania, 


‘and the University of Texas Medical Branch in Galveston, 


Texas), best described as “cottage industries” compared with 
the Cleveland Clinic, contrast sharply with the exclusion of 
all but low risk candidates from the Veterans Administration 
Cooperative Study. To believe that in 1978, only lower risk 
patients are being operated upon, as the VA study group ob- 
viously does, further illustrates their separation from the main 
stream of cardiological and surgical experience. 

We also fail to see how Braunwald's ability to find two re- 
ports of operative mortality as poor as those reported in the 
VA study answers Loop's complaint that a clinical trial should 
be designated to study the operation, not the surgeon. It 
doesn't take a prospective study to determine that any act of 
skill can be performed poorly. The fact that a few VA hospitals 
(for example, that of Hines) contributed a majority of the 
patients and that their results are well within the national 
average, is also "bypassed." Equally important is the knowl- 
edge that many VÀ hospitals did coronary bypass surgery only 
occasionally with mortality and complication rates far above 
the national average. In short, the means in the VA study are 
less interesting than the ranges, which the apologists never 
mention. 

Finally, the sensational headlines generated by the original 
report and editorials in The New England Journal ef Medi- 
cine?? and the subsequent interviews that portrayed cardi- 
ologists and cardiothoracic surgeons practically at battle over 
indications for bypass surgery can hardly be passed off as the 
"sober analysis" characterized by Braunwald.? 

G. Frank O. Tyers, MD, FRCS(C) 

Edward H. Williams, MD 

Division of Cardiovascular and Thoracic Surgery 
Department of Surgery 

The University of Texas Medical Branch 
Galveston, Texas 


References 


1. Tyers GFO, Williams DR. Babb JD, et al: The changing status of ejection fraction as a 
predictor of early mortality following surgery for acquired heart disease. Chest 71: 
371-375, 1977 

2. Braunwald E: Coronary artery surgery at the crossroads. N Engl J Med 297:661—663, 
1977 

3. Murphy ML, Hultgren HN, Detre K, et al: Treatment of chronic stable angina. A pre- 
liminary report of survival data of the randomized Veterans Administration Cooperative 
Study. N Eng! J Med 297:621-627, 1977 


RETROGRADE CROSSING OF AORTIC BJORK-SHILEY- 
PROSTHESIS 


Karsh et al. report on the safety and efficacy of retrograde 
left ventricular catheterization in patients with aortic valve 
prostheses, and record their experience with 27 patients with 
either a Starr-Edwards or a Bjork-Shiley prosthesis. No 
mention is made of how many patients had each prosthesis. 
Their Figure 3 shows a catheter crossing a Starr-Edwards 
valve prosthesis, showing little disturbance of the poppet while 
the catheter is acrossthe valve; however, this frame was taken 
curing systole and would therefore not be expected to show 
interference with the diastolic closing mechanism of the 
valve. 

We strongly advise caution regarding the retrograde 
crossing of aortic Bjork-Shiley prostheses. Unlike the Starr- 
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FIGURE 1. Starr-Edwards prosthesis with catheter placed across it. 


Edwards prosthesis, which is symmetric, and in which placing 
a catheter across it produces relatively minor unseating of the 
spherical poppet (Fig. 1), the Bjork-Shiley valve is asym- 
metric, with a large strut holding the disc on the ventricular 
side and a smaller strut checking the opening of the disc on 
the aortic side. A catheter placed across the large opening (Fig. 
2, top) will likely produce minor interference of disc seating 
and, therefore, presumably little hemodynamic disturbance. 
However, a catheter placed across the small strut will lock the 
disc in a wide open position and produce acute, massive aortic 
regurgitation (Fig. 2, bottom). 

Figure 3 shows the sequence of hemodynamic recordings 
in a patient with an aortic Bjork-Shiley prosthesis studied 
because of suspected paravalve regurgitation. Simultaneous 
pulmonary arterial wedge pressure and aortic pressure trac- 
ings were obtained before the valve was crossed; the pulmo- 
nary wedge pressure was slightly elevated (mean pressure 18 
mm Hg, panel A). Because the patient was believed to have 
a paravalve aortic leak, the aortic no. 8F National Institutes 
of Health catheter was advanced gently and entered the left 
ventricular cavity with ease. No gradient was observed be- 
tween the pulmonary wedge and the left ventricular diastolic 
pressure. A few minutes later the patient complained of chest 
discomfort, and it was noted that the left ventricular end- 
diastolic pressure had risen from 22 to 52 mm Hg, and the 
pulmonary wedge pressure from 18 to 45 mm Hg. The catheter 
was immediately withdrawn into the aorta (panel B). This 
resulted in a prompt clearance of symptoms and return to the 
previous hemodynamic state (panel C). An aortogram dem- 
onstrated moderate regurgitation around the prosthetic valve; 
the catheterization was completed without further difficulty. 
We interpret the serious hemodynamic disturbance demon- 


FIGURE 2. Bjork-Shiley prosthesis with catheter placed across large opening (top) and 
across the small strut (bottom). 


strated to the induction of acute, severe aortic regurgitation 
by the catheter, possibly through the mechanism illustrated 
in Figure 3. The valve disc used had no radiopaque markers; 
therefore, serious interference with prosthetic disc seating was 
impossible to identify. The newer models of the Bjork-Shiley 
valve have incorporated a radiopaque ring into the disc, 
making possible fluoroscopic identification of disc motion and 
position, which may help in avoiding this problem. 

Some postoperative evaluation studies of Starr-Edwards 
valves?? have essentially agreed with the findings of Karsh 
et al.; others *have demonstrated consistently significant in- 
creases in left ventricular end-diastolic pressure after retro- 
grade passage of the catheter through the valve, presumably 
because of induced aortic regurgitation. Thus, detailed as- 
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FIGURE 3. Pressure tracings in a patient with a Bjork-Shiley prosthesis. See text. 


sessment of left ventricular function and the assessment of 
effective valve orifice area in cases with suspected prosthetic 
obstruction may be altered by this technique. 

We conclude that retrograde catheterization of the aortic 
Starr-Edwards prosthesis may be an acceptable, although less 
than ideal, method but would strongly recommend against 
attempting retrograde catheterization of the left ventricle 
across an aortic Bjork-Shiley prosthesis because of the like- 
lihood of producing acute, massive aortic regurgitation 
through serious interference with the disc-closing mecha- 
nism. 

Raul E. Falicov, MD, FAGC 
Section of Cardiology 
Christ Hospital 

Oak Lawn, Illinois 

Warren F. Walsh, MD 
University of Oregon 
Health Science Center 
Eugene, Oregon 
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REPLY 


Falicov and Walsh have made the useful point that, because 
of its construction, a Bjork-Shiley prosthetic valve is more 
susceptible to interference with function during the period 
of time a catheter is traversing it than is a Starr-Edwards 
prosthesis. Our experience included a total of 27 patients, 5 
of whom had a Bjork-Shiley prosthesis. We did not note any 
substantially increased interference with function with the 
latter prosthesis, but Falicov and Walsh have ignored a critical 
point described in our methods section. This is that we utilized 
either Sones or Shirey catheters, both of which taper to a no. 
5F tip, or no. 5F polyethylene catheters primarily for our 
studies. Thus, all prostheses were crossed with smaller cath- 
eters than those used by Falicov and Walsh. 

In addition, they comment on our Figure 3, which shows no 
interference with movement of a Starr-Edwards poppet in 
systole. As noted in our text (on page 895), the Starr-Edwards 
poppets did not appear to seat completely in diastole with 
catheters crossing the valve. However, “hemodynamically 


detectable aortic regurgitation, as estimated from pressure 
changes on catheter pullback, was observed in only 3 pa- 
tients." Examination of the pressure tracings submitted by 
Falicov and Walsh testifies to interference with both systolic 
and diastolic excursion of the Bjork-Shiley prosthesis. There 
are elevation of left ventricular systolic and diastolic pressures 
and depression of both systolic and diastolic aortic pressures 
in the first two complexes recorded during pullback of the 
catheter through the valve. Once again, it must be pointed out 
that they used a no. 8F catheter. 

We believe that their letter does point out a useful word of 
caution in dealing with retrograde catheterization of Bjork- 
Shiley prostheses. However, this problem should he at least 
partially avoided by utilizing smaller catheters. 

Steven Wolfson, MD 
New Haven, Connecticut 


SIGNIFICANCE OF CHEST PAIN DURING TREADMILL 
i EXERCISE 


The paper by Cole and Ellestad! on the significance of chest 
pain during treadmill exercise contains potentially important 
information, but we think that several points should be clar- 
ified. 

The 7 year mortality rate was only 27 percent in the patients 
with both an abnormal electrocardiogram and typical angina 
pectoris during exercise; according to previous findings and 
the reported data,! such patients are very likely to have sig- 
nificant coronary arterv disease, and the expected mortality 
would be much greater than that observed (Bruschke et aL? 
reported a 7 percent. annual mortality rate). The inclusion of 
an undefined number of women could contribute to these 
findings but is not likely to be the only explanation. 

The true positive rate for women with pain and electro- 
cardiographic abnormalities during exercise was only 17 
percent; although it is widely recognized that the diagnosis 
of coronary artery disease is not easy to establish in women, 
the reported figure is incredibly low and raises questions about 
the definition of angina pectoris in that study. 

We? recently reported that in patients with suspected cor- 
onary artery disease, the history taken before the exercise test 
was of great diagnostic value and that, among the patients j 
with a typical history of angina pectoris, the occurrence of 
chest pain during the exercise test itself did not add much 
information. All patients described by Cole and Ellestad were 
certainly carefully questioned before the exercise test and it 
would be very important to know how this information relates 
to prognosis. It would indeed be unfair to attribute to exercise 
testing a diagnostic and prognostic value that is probably al- 
ready present in the history. 

J.M. Detry, MD 

M.F. Rousseau, MD 

St. Luc University Hospital 
Division of Cardiology 
University of Louvain 
Brussels, Belgium 
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The true positive rate for women with angina during the 
treadmill stress test was 71 percent (17 percent was a typo- 
© graphical error). This result is identical to that of the report 
+ of Detry et al. (their Ref 3). 
In our study, the patients included those “referred for 
__ confirmation of suspected coronary artery disease, for quan- 
- tification of the degree of known coronary artery disease or 
- for a routine screening test as part of their annual physical 
: examination." The work reported by Bruschke cited a 5 year 
overall mortality rate of 34.4 percent with angiographic cor- 
relation. Ás noted, some of their patients died within weeks 
to months of their angiograms. No correlations with exercise 
testing of this population were found in their manuscript. We 
have yet to understand why some authors wish to make the 
data from one population of patients “fit” with those of an- 
other. 
In both Detry's study and ours, about one third of the pa- 
tients had typical angina during exercise testing. If the patient 
had angina during the test, the sensitivity of the test was in- 
creased in both men (91 percent) and women (71 percent). The 
main thrust of our study indicated that a history alone would 
t. not have sufficed. Subjects with angina induced by a light 
-work load (1 to 3 minutes of testing, 4 METS) had twice the 
frequency of coronary events (progression of angina, myo- 
-= cardial infarction, coronary death) as that of patients with 
| . angina induced by a heavy work load (7 minutes of exercise, 
| 9 METS). As we pointed out in our article, “the difference in 
^ results of other studies may well be due to inherent differences 
“in patient selection because our study, by design, included 
-many subjects known or highly likely to have advanced cor- 
onary artery disease as well as many believed to be perfectly 
normal." 



















John P. Cole, MD 

Myrvin H. Ellestad, MD, FACC 
Memorial Hospital Medical Center 
Long Beach, California 


CARDIOPULMONARY RESUSCITATION AFTER AGE 65 


In my opinion, the usual 20 to 30 minute attempt at cardio- 
pulmonary resuscitation is maleficent for many patients over 
age 65. I know from a personal survey that resuscitation after 

- an unobserved cardiac arrest is not desired by the majority of 
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doctors over age 60. I have also ascertained that after a true 
cardiopulmonary arrest, even in a coronary care unit, nearly 
50 percent of practicing internists 65 years or older do not wish 
more than a 5 minute attempt at resuscitation. : 
Among 87 patients over age 65 there were a total of 96 
"code-blue" alerts in a 2 year period at Peninsula Hospital and 
Medical Center, Burlingame, California. Forty-one of these 
patients were pronounced dead at the end of the attempted 
resuscitation. Among those resuscitated were three whose own: 
doctor believed that their quality of life was only fair after they 
left the hospital. Fourteen patients had excellent results. Of 
these, 11 were returned to a viable heart rate and rhythmin — 
5 minutes or less. 
Central to the issue of this letter were the 29 patients who; 
as the result of heroic attempts at resuscitation, ranging from 
10 to 60 minutes and averaging 30 minutes, experienced à 
prolongation of 1/2 hour to 1 month of their act of dying! I 
consider this a summum malum result and believe that most 
patients and their families would consider this maleficent. 
In a study done in 1976 at three hospitals in Nurnberg, of. 
239 patients over age 60 who were resuscitated, only 9 were 
alive 6 months later. Seven of these nine, when questioned, 
would not agree to another resuscitation effort. 
The vast majority of my patients over 65 tell me that (1) 


they do not dread death, and hope that theirs will be sudden; : 


and (2) they do fear incarceration in a nursing home or total 
dependence on others. 

Therefore, I recommend some method, such as a “modified: 
living will,” ? to give our sapient patients over age 65 an op- 
portunity to indicate in advance their wishes regarding re- 
suscitation efforts lasting more than 5 minutes. For those 
patients over 65 who have not clearly indicated their wishes 
I urge that the following suggestions be considered as medi- 
cally acceptable alternatives to aggressive resuscitation efforts: 
(1) positively no cardiopulmonary resuscitation for any un- 
observed cardiac arrest, and (2) 5 minutes' maximal cardio- 
pulmonary resuscitation to reestablish a viable heart rhythm 
in a patient with any instantly observed and immediately 
treated cardiac arrest. 

Louis Shattuck Baer 
Burlingame, California 
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The following five abstracts are from the winning entries in the Young Investigators’ 
Awards Competition, 28th Annual Scientific Session, the American College of Car- 
diology, March 11-15, 1979, Miami Beach, Florida. 


First Award 
A BIOLOGICAL MODEL OF PARASYSTOLE. J. Jalife, 
M.D., and G.K. Moe, M.D., Ph.D., F.A.C.C., 


Masonic Med. Res. Lab., Utica, NY 13503. 


The electrotonic interactions of a parasysto- 
lic pacemaker with ventricular responses to the 
normal pacemaker across an area of depressed 
excitability were simulated in a model consist- 
ing of strands of canine Purkinje fibers moun- 
ted in a sucrose gap preparation. Experiments 
were conducted to study the patterns of ectopic 
activity that result from entrainment of the 
"ectopic" pacemaker (EP) on one side of the 
sucrose gap, by evoked responses (SN) in the 
other side of the gap. When one-way conduction 
("entrance block") was established, manipula- 
tions of the SN frequency and of the impedance 
between the two outer chambers resulted in 
periods of silence, concealed or manifest bi- 
geminy, trigeminy and quadrigeminy,.and periods 
of more complex patterns of group beating as 
the entrainment ratios changed. The results 
confirm the predictions of the previously des- 
exibed mathematical model that these patterns 


.üepend upon the magnitude of the electrotonic 


influence of SN on the EP cycle length and also 
upon the ratio of the intrinsic frequencies. 


| These studies should help to distinguish between 


reentrant and parasystolic mechanisms in clini- 
eal arrhythmias. 


Second Award 


PATHOGENESIS OF MALIGNANT HYPERTENSION PRODUCED BY MILD 
PROGRESSIVE RENAL ARTERY STENOSIS 

Victor J, Dzau, MD; Seymour Rosen, MD; A. Clifford Barger, 
MD, Harvard Medical School, Boston, MA 


To simulate development of human renovascular hyperten- 
sion, mild daily progressive renal artery constriction 

(PRAC) was substituted for single stage constriction in 
the one-kidney Goldblatt dog. Surprisingly, all 11 dogs 


“so treated developed malignant hypertension (MH) which 


persisted despite release of constriction. To induce 


"hypertension, fluid was injected into an inflatable RA 


cuff to lower renal perfusion pressure (RPP) by 5 mmHg 
below preconstriction pressure each day for 10-14 days. 
However, as MAP rose, RPF returned toward control ín 
hours. Thus, daíly PRAC did not lead to sustained RA 
hypotension; in fact, by the 7th day RPP began to rise 
above control. With MH, MAP increased from 107 + 4 to 
204 + 11 mmHg while RPP increased to 130 + 9 mmHg; 

plasma renin activity (PRA) rose from 1.0 + 0.1 to 30 * 5 
ng Al/ml/hr, Plasma aldosterone concentration (PAC) 
parallelled PRA. I.V. administration of Teprotide (CEI) 
lowered MAP to control. Renal blood flow (RBF) and fil- 
tration rate (GFR) fell below control within 2-3 days and 
progressively declined with repeated PRAC. Intrarenal 
resistance (RR) was markedly elevated (>10 fold during 
MH) but was dramatically reduced with intrarenal blockade 
of converting enzyme. Despite cuff release, RBF and GFR 
continued to decline while PRA increased further. Initial 
moderate salt and water retention was followed by a mark- 
ed natriuresis and diuresis (N and D) leading to weight 
loss, plasma volume (PV) contraction and hemoconcentra- 
tion. Thus, mild PRAC without sustained RA hypotension 
leads to a vicious cycle with a progressive rise in PRA, 
increased RR, N and D with resultant fall in PV, - a 
process terminating in MH with severe vascular damage. 
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Honorable Mention 


INTERACTION BETWEEN CARDIAC AND SINOAORTIC BARORECEPTORS 
IN THE CONTROL OF EFFERENT CARDIAC SYMPATHETIC NERVE ACTI- 
VITY DURING MYOCARDIAL ISCHEMIA IN DOGS. Robert B. Felder, 
M.D. and Marc D. Thames, M.D., University of Iowa, Iowa 
City, Iowa 52242. 

The purpose of this study was to determine the rela- 
tive influence of arterial baroreceptors(BR)and of cardiac 
receptors with vagal afferents and with sympathetic affer- 
ents on efferent cardiac sympathetic nerve activity(CSNA) 
during coronary artery occlusion(CAO). Changes in heart 
rate(HR im beats/min), arterial pressure(AP in mmHg), and 
integrated CSNA(Z change from control; recorded from the 
cut central end of the left ventral ansa subclavia)were 
determined during transient(90 sec) circumflex (Cx) and 
anterior descending{LAD)CAO before and after vagotomy (V). 
Before V dogs with carotid and aortic BR intact showed a 
similar increase(mean+SE)in CSNA during Cx(7+1%)and LAD 
(7+3%)occlusions in spite of a significantly greater fall 
in AP during Cx(-18-1)than during LAD(-7+2}CAO. HR did 
not change during these occlusions. During Cx CAO dogs 
with sinoaortic denervation had decreases in CSNA(-17+ 
22), AP(-50tá mmHg), and HR(~17+3 beats/min}. In these 
dogs LAD occlusicn resulted in a smaller decrease in AP 
(-14t3 mmüg)with no change in CSNA or HR. In dogs with 
sinoaortic denervation and vagotomy Cx and LAD occlusion 
resulted in similar decreases in AP(-2943 and -21+3 mmHg, 
respectively), and small and inconsistent changes in HR 
and CSNA. We conclude that cardiac receptors with vagal 
afferents exert an inhibitory influence on CSNA during 
myocardial ischemia, and that this influence limits the 
arterial BR mediated increases in CSNA resulting from 
ischemia-induced hypotension. Small changes in CSNA dur- 
ing CAO with vagi and BR afferents sectioned suggest that 
in the dog cardiac receptors with sympathetic afferents 
do not exert a major influence on the sympathetic outflow 
to the heart during myocardial ischemia. 


Honorable Mention 


EFFECTS OF RETROGRADE SYSTOLIC STRETCH OF ISCHEMIC MYO- 
CARDIUM 

J. David Ogilby; Lorentz Preysz; Carl S. Apstein, MD, FACC 
Cardiac Muscie Research Lab, Boston University, Boston MA 


To assess the effects of the paradoxical or retrograde 
systolic stretch which is imposed on fibers in ischemic 
regions, isolated globally ischemic rabbit hearts (balloon 
in LV) were paced at 180/min and subjected to 90 min of 
ischemia (I) at 37°C with or without imposed repetitive 
180/min systolic expansion (SE) of the LV balloon to a 
level which duplicated pre-I systolic LV pressure. Post-I 
recovery was assessed for 60 min. With severe I («1X of 
control coronary flow) active contractions ceased within 
2-3 min. Without SE (n=6}, 40t6mm Hg contracture occurred 
during I; SE (n-6), completely prevented contracture dur- 
ing I. Post-l recovery of developed pressure without SE 
was 27£4% vs 63:3Z with SE (P«0.001); recovery of dP/dt 
without SE was 3425% vs 79*6Z with SE (P«0.001). For SE 
vs no SE, post-I ATP was 9.6*0.7 vs 5.5*:0.4mM/gm (P<0.001) 
and CP was 36:4 vs l9:2mM/gm (P«0.01), indicating that SE 
and prevention of contracture preserved high energy phos- 
phate levels. During moderate I (13% of control flow) LV 
contractile function of 262 of the pre-I developed pres- 
sure continued for 90 min of I. Thus, in this moderate I 
group, SE caused retrograde stretch in opposition to ac- 
tively contracting ischemic muscle. No contracture occur- 
red during moderate I in either group. For SE (n=6) vs no 
SE (n-6) post-I developed pressure recovered to 7314% vs 
87:2X (P«0.005) and dP/dt recovered to 78:5 vs 9844% (P< 
0.01). Thus, in the absence of active contractility 
(severe I), SE was beneficial, prevented contracture, pre- 
served tissue high eaergy phosphates and improved post-I 
contractile function. However, when SE was in opposition 
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to active shortening (moderate I), the effect was dele- 
terious and post~I centractile function was decreased. 


Honorable Mention 


i : EFFECTS OF TRAINING ON LEFT VENTRICULAR FUNCTION 
(CIN NORMAL SUBJECTS: A LONGITUDINAL STUDY. 
i . Rerych, MD; Peter M. Scholz, MD; David C. 
= Sabiston, Jr., MD, FACC; Robert H. Jones, MD, FACC; 
Duke University Medical Center, Durham, North Carolina 


- Stephen K 





Radionuclide angiocardiography provides accurate hemo- 
dynamic information during maximal exercise in erect sub- 
jects. Cardiac function was studied by this noninvasive 
technique in 12 male and 8 female college athletes before 
(BT) and after (AT) 6 months of aquatic training. Rest (R) 
and maximal exercise (E) measurements of heart rate (HR), 
left ventricular ejection fraction (EF), end-diastolic volume 


NEW MEMBERS 
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(EDV) , cardiac output (CO) and total body biood volume 
(TBV) were determined from first pass and equilibrium pre- 


cordial counting techniques. 


HR (b/min) 
BT-R — 74411 
AT-R 6147 
BT-E  185+10 
AT-E 181714 


EF($) EDV(mD COü/min) TBV() 
73:56 — 133535  6.941.1 — 8,750.8 
6747 .— 167340 — 6.751.0 11.432.2 
8744 — 186434 — 25.545.7 — 8.050.8 
86-5 204339 — 32.0:8.7 10.832.3 


TBV increased AT (P<0.03), Although CO was similar at 5 
rest BT and AT, a decrease in HR (P<io74) and EF (p«10 7) 
was associated with an increase in EDV (P«1077). COastE 
increased (P«0.02) AT because of an increased EDV (P<1074} 
with a constant HR and EF. Individual variation was observed 
in the performance level achieved and the maximum CO at E 
AT of 56.6 l/min was attained by an Olympic athlete. Train- 
ing appears to enhance cardiac performance primarily by in- 
ducing cardiac dilatation. 





The following individuals were elected to 
membership in the American College of Car- 
diology on February 1, 1979 in the category 
indicated. 
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BEAR, George, MD, New York, NY 

BEAVER, Wayne L., MD, Columbus, OH 

BLEIFELD, Walter H., MD, Hamburg, Ger- 
many 

|. BOGART, Douglas B., MD, Kansas City, MO 

; BRAIS, Maurice P., MD, Ottawa, Canada 

C BROWN, Thomas M., Jr.. MD, Des Moines, 

; IA 

| BUCHBINDER, Neil A., MD, Los Angeles, CA 

BUSH, Charles A., MD, Columbus, OH 

CANNON, Paul J., MD, New York, NY 

CARR, Matthew L., MD, Pompano Beach, FL 

CHAMBERS, Ward A., MD, Omaha, NE 
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DELEESE, Joseph S., MD, Washington, DC 
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D'OLIVEIRA, Julio R., MD, Buenos Aires, Ar- 
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HERMAN, Steven D., , Philadelphia, PA 
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OK 
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JOHNSON, Sarah A., MD, Maywood, IL 

KESTELOOT, Hugo, MD, PhD, Leuven, Bel- 
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MALLIS, George |., MD, Northport, NY 

MARSH, Henry Brandis. MD, Washington, 
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MATSUMOTO, Masayuki, MD, PhD, Bronx, 
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NOTSKE, Robert N., MD, Spokane, WA 
OELRICH, William L., MD, Norfolk, VA 
PRICE, James E., MD, Santa Rosa, CA 
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CALENDAR OF EXTRAMURAL PROGRAMS 





















The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the programs 
are pertinent to-direct care of patients with 
_ heart disease. The need for such programs 
increases with the ever increasing amount of 
scientific -and. clinical data, the constant 
- changes in technology and methodology, and 
the greater availability of therapeutic options. 
< Today most cardiologists, internists and family 
= practitioners Teel the need of supplementing 
their professional reading by direct contact 
: with the authors, research workers and leaders 
- dn the field. 
7027 To solve these problems the Committee 
selects each year series of carefully super- 
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vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 

Although each program director is person- 
ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 
the overall responsibility for the caliber of the 
postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 
tional methods, and studying the impact of 
each course on the knowledge and attitudes 


of the participants. 

These programs should help each physician 
to keep up with the new knowledge, to put into 
practice the new advances and to retract 
gracefully. from the obsolete and useless 
practices. An effective practitioner must learn 
and-relearn, listen to new ideas. share past 
experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American = 
College of Cardiology believes that these goals. - 
can be accomplished by all members and. 
nonmember professionals participating in our 
continuing education programs. 

Leonard S. Dreifus, MD, FACC. 
Chairman, Continuing Education Committee 
for Extramural Programs 


Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 
College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland 20014. 

























Preceptorships in Cardiology. Arthur 
Seizer, FACC. director. Pacific Medical 
Carter, San Francisco, Calif. 


Critical Care Cardiology. Arthur Selzer, 
3-5 FACC and Keith E. Cohn, FACC, direc- 
tors. Golden Gateway Holiday Inn, San 
Francisco, CA 


ischemic Heart Disease. James E. 
Dalen, FACC, director and Thomas J. 
Ryan, FACC, Thomas W. Smith, FACC, 
Herbert J. Levine. FACC and Joseph S. 
Alpert, FACO, co-directors. Copley 
Plaza Hotel, Boston, MA 





Clinical Auscultation of the Heart. W. 
Proctor Harvey, FACC, Antonio C. de 
Leor. dr., FACC, and John F. Stapleton, 
co-directors. Georgetown University 
Medical Center, Washington, DC 


A Symposium on Cardiovascular 
Nursing. Henryd. L. Marriott, FACC, and 
Leo Schamroth, FACC, directors. 
Sheraton Sand Key Hotel, Clearwater 
Beach, FL 


Coronary Atherosclerotic Heart Dis- 
ease-— 1979. J. Willis Hurst FACC, di- 
rector and Robert C. Schiant, FACO, 
co-disector. Colony Square Hotel, At- 
lanta, GA 





Hughes, Jr., FACC, director and Robert 
C. K. Riggins and Richard P. Anderson, 
co-directors. Virginia Mason Medical 
Center, Seattle, WA 


AUG. Tutorials in the Tetons: Cardiac Emer- 


25-27 gencies (Fifth Annual). Robert S. Eliot, 
FACC and Alan D. Forker, FACC. and 
Geraid L. Wolf, co-directors. Jackson 
Lake Lodge, Moran, WY 

SEPT. Electrocardiography: Core Curriculum 


10-13 and Self-Assessment. Paul L. McHenry, 
FACC, director and Charles Fisch, 
FACC, co-director. Wishard Memorial 
Hospital, indiana University Medical 
Center, Indianapolis, IN 
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MAY 1979 THROUGH SEPTEMBER 1979 

JUNE Cardiac Auscultation Workshops. Jules SEPT. Electrocardiography: Core Curriculum 

8-10 Constant, FACC, director. Niagara Hilton 10-13 and Self-Assessment. Arthur Selzer. 
Hotel, Niagara Falls, NY FACC, director. Fairmont Hotel, San 

Francisco, CA 

JUNE Sixth Annual Symposium. Clinical 

13-16 Echocardiography: Fundamentals and SEPT. Advanced Echocardiography. Harvey 
New Developments in Cardiac Ultra- 17-19 Feigenbaum, FACC., director and Betty 
sound. Arthur D. Hagan, FACC, director C. Corya. James C. Dillon, FACC and 
and Wiliam F. Friedman, FACC and Arthur E. Weyman, FACO, codirectors. 
Walter V. R. Vieweg, FACC, co-direc- indianapolis Hilton Hotel, Indianapolis, 
tors. Sheraton Harbor isiand Hotel, San IN 
Diego, CA 

JUNE Medical and Surgical Management of 

21-23 Coronary Artery Disease. M. Leo 
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LEARNING CENTER: PROGRAM CALENDAR 








ee The American College of Cardiology's newest department, the Learning, 


Center, located at the College's Bethesda, Maryland headquarters, 
began operations last October with the offering of its first continuing 
medical education program for physicians with a specialty or an interest 
in cardiovascular medicine. The purpose of the Learning Center is to 
support the professional commitment to quality patient care by providing 








a new standard of excellence in cardiovascular continuing education. 
For additional information concerning the programs listed below or for 
a complete schedule of programs through" December 1978, contact 
Program Coordinator, Learning Center, American College of Cardiology, 
9111 Old Georgetown Road, Bethesda, Maryland 20014. Telephone 


(301) 897-5400. 





MAY 1979 THROUGH JULY 1979 








Month/Dates - Course Director 

May 3-5 Daniel S. Berman, MD, FACC 
May 7-8 Leonard S. Dreifus, MD, FACC 
May 14-16 Louis Lemberg, MD, FACC 

May 21-23 James E. Doherty, Ili, MD, FACC 
May 24-25 Joseph K. Perloff, MD, FACC 


May 30-June 1 ira H, Gessner, MD, FACC 





Title of Program: 





Nuclear Cardiology 
Cardiac Rehabilitation: Principles and Techniques 
CCU Update for Nursing Supervisors - 


Clinical Cardiovascular Pharmacology: Rational Approach to Drug 
Therapy 


The Fundamentals of Echocardiography: A Practical Course for 
Clinicians 


The Principles of Pediatric Cardiology: A Fundamental Approach 


Vatvular Heart Disease 





dune 11-13 Shahbudin H. Rahimtoola, MD, 
FACC 
June 20-22 Michael S. Gordon, MD, FACC Cardiac Auscultation 
June 25-27 Sylvan L. Weinberg, MD, FACC CCU Update for Nursing Supervisors. - 
duly 5-7 G. Charles Oliver, MD, FACC Ambulatory Monitoring and Sudden Death 
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AMERICAN COLLEGE OF CARDIOLOGY 
Announces . . . 
AFFILIATE IN TRAINING MEMBERSHIP 
For Physicians in Cardiovascular Related Training Programs 


Candidates for this membership category must be current full-time trainees in a recognized 
cardiovascular (adult, pediatric, surgical) related program in fulfillment of requirements for ad- 
mission to a subspecialty board examination which holds membership in the American Board 
of Medical Specialties. Upon completion of training and in order to maintain an affiliation with 
the College, the members are encouraged to apply to the Credentials Committee for status in 
one of the other three membership categories. 


The application for Affiliate in Training must be signed by the Director of the applicant's training 
program and two sponsors, both of whom must be Fellows of the College. One of the sponsors 
may be the Director of the training program, provided he is a Fellow of the College. The annual 
dues for an Affiliate in Training are $25.00. 

Advantages to the Affiliate in Training 
1. Subscription to The American Journal of Cardiology, the official journal of the College. 
2. Reduced fees for all educational programs of the College. 


3. Preference for enrollment in programs sponsored by the College with a limited registra- 
tion. 


4. Receiptof the quarterly publication, Cardiology, the newsletter of the College. 


5. Participation in all affairs of the College as a member rather than as a guest of the Col- 
lege. 


Those desiring an application form should write to Ms. Margaret E. Coffey, Director, Mem- 
bership Department, American College of Cardiology, 9111 Old Georgetown Road, Bethesda, 
Maryland 20014. 
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_ INSTRUCTIONS FOR AUTHORS 


THE WHOLE PAPER 


* Address manuscript to Managing Edi- 
tor, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 

* Submit two copies of aif elements of 
the article: text, references, legends, ta- 
bles and figures. 

* Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

* Nember all pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

« Type all matter: (1) on 8% X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


* include first names, degrees and, 
where applicable, FACC for all authors. 
-e Provide a short running title of 3 to 6 

words. 

* insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

+ Add at bottom the phrase "Address 
for reprints: ..." followed by full name 
anc address with zip code. 


THE ABSTRACT 


* Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
wards for case reports. s 

* Add at end of abstract: list of 2 to 6 
kev words and subjects for indexing. 


THE TEXT 


* Type in duplicate: double-space. 

* Do not use abbreviations such as 
SVC, WPW: write out. superior vena 
cava, Wolff-Parkinson-White. 

« Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual. for Biological Journals, 
American institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

* Cite in numerical order- every refer- 
ence, figure and table. (Order of men- 
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May 1979. The American Journal of CARDIOLOGY 


The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility cf the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


* Give each table a number (in roman 
numerals: Table |, ll, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

* Provide. a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


tion in text determines the number given 
to each.) 

* Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


* Type in duplicate; double-space. 


* Number the references in order in THE FIGURES 
which they are mentioned in text. i ] e" 

* Provide concluding páge numbers for * Submit 2 glossy prints (not originals) 
all journal references and specific page Of each photo and drawing. 


* Please note that art work of pub- 
lished articles will not be returned. 

* Use: black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

« Use arrows to designate special fea- 
tures. 

* Crop photomicrographs to show only 
essential field. 

« identify figures on back by number 
and author's name. 

« Number figures in order in which they 
are mentioned in the text. 

a indicate top of each figure. 

* Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

* Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 


numbers for all bock references. indi- 
cate all abstracts by the abbreviation 
(abstr). 

* Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


* Start at top of new page. 

* Type in duplicate; double-space. 

* Number pages in sequence after last 
page of references. 

* identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described: 


THE TABLES 


* Start each table at top of new page. 
* Type in duplicate. double-space. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS, listing.a// authors: 


3t  Vismara LA, Vera Z, Miller RR, Mason DT: Efficacy of disopyramide phosphate in the. 
treatment of refractory ventricular tachicardia. Am J Cardiol 39:1027- 1034, 1977 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28.  Schiebler GL, Van Mierop LHS. Krovetz LJ: Diseases of the tricuspid valve, chap 20. 


in, Heart Disease in infants, Chikiren and Adolescents (Moss AJ, Adams F, ed), 
Baltimore, Wiliams & Wilkins, 68, p 134 


For books ( with identical author and editor): 


36. Berne E: Principies of Group Treatment. New York, Oxford University Press, 1966. p * 


26 


(Author: all book references should have specific page numbers.) 
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Puritan Oil 
is superior in 


polyunsaturates 


to corn oil” 


A practical adjunct in 
serum cholesterol control 


Puritan is the first major cooking oil made principally 

from highly polyunsaturated sunflower oil. The sun- 
flower oil gives Puritan an edge in polyunsaturate levels 
over leading corn and soybean-based oils. 


J `K A comparison of polyunsaturate levels of major brands 






O | Leading corn oil brand 
"| |Soybean-based oil brands 
% 10 20 30 40 50° 80. W 80 90 100 


Light flavor... 
encourages compliance at the table 


The sunflower oil also makes Puritan light tasting. In 

tastetestsconducted with Puritanand corn oil, Puritan 

Oil was selected as lighter tasting by homemakers. It 
contributes to an appealing diet for patients and 
family and thus helps enhance sustained compliance 
with your cholesterol management program. 








Clinically tested...and proven 
within a “real life" regimen 


The nutrition depart- 
ment of a major uni- 
versity has published 
the results of a study! 
that evaluated a dietary 
serum-cholesterol- 
reducing program 
which included Puritan 
Oil. The study was con- 
ducted in a family 
situation—entire families used Puritan as part 
ofatotalserum-cholesterol-reducing diet. The data 
showed significant decreases in serum cholesterol 
levelsamongallparticipating groups. Theselowered 
levels were reached within 10 days, and were main- 
tained throughout the diet modification period. 


Reference: 1. Witchi, J.C. et al., J. Am. Dietetic Assoc. 72: 384, 1978. 





T— 29 


New cardiac catheterization 
studies demonstrate 

prolonged changes for over 5 hours 
in cardiac hemodynamics with 


PERITRATE 40-mg ORAL TABLET 


(pentaerythritol tetranitrate) 


In a randomized double-blind study of catheterized patients with congestive 
heart failure, Peritrate 40 mg demonstrated marked changes in a variety of 
hemodynamic parameters with no change in heart rate.! 


A marked reduction in PRELOAD: Peritrate reduced pulmonary 
arterial wedge pressure for over 300 minutes. The maximum reduction was 37%. 
Pulmonary arterial mean pressure was also reduced for over 300 minutes. These 
manifestations of reduced PRELOAD resulted from an increase in venous 
Capacitance leading to a reduction in left ventricular end-diastolic volume and 
pressure. The observed reduction in pulmonary wedge pressure indicates marked 
preload reduction. 


Peritrate effects prolonged for 5 hours 


pulmonary arterial wedge pressure (preload) 
“Statistically significant at the 5% fevel. 





A reduction in AFTERLOAD: a significant reduction of arterial blood pressure, correlating with 
reduced AFTERLOAD, was maintained for over 300 minutes.! 


Reduction in blood pressure for 5 hours 


“Statistically significant at the 5% level 


Peritrate actions observed Conclusions 


- Activity was prolonged for at least 5 hours. 1. The prolonged reduction in preload and 
- PRELOAD and AFTERLOAD showed a marked afterload reduces the amount of energy 

reduction lasting at least 5 hours expended and oxygen consumed by the heart: 
This reduction in oxygen demand should 


1. Klein RC, Amsterdam EA, Pratt C, et al: Sustained reduction of elevated relieve or prevent arama, 
left ventricular filling pressure in cardiac failure by oral, long-acting nitrate í i j 
therapy. Presented at The American Federation for Clinical Research, 2. Provides a smooth onset of action without 


San Francisco, Calif, April 29-May 1, 1978. tachycardia, Unwanted effects are rare, and 
Please see following page for brief summary of prescribing information. patient compliance is excellent. 


PERITRATE som 


(pentaerythritol tetranitrate) 


Warner Chilcott 
Division, : 

$ Warner-Lambert Company. 
Morris Plains, New Jersey 07950 














` Pevitrate® SA de vURGt 
Sustained Action eh 


(pentaerythritol tetranitrate) 80 mj 
Peritrate* 
ipentaerythritol tetranitrate) 40 mg 
Peritrate* 
ipentaerythritol tetranitrate) ?0 mg 
Peritrate* 
(pentaerythritol tetranitrate) 10 mg 


CAUTION: Federal law prohibits dispensing without prescription. 
Description: Each tablet of Peritrate SA Sustained Action contains 
pentaerythritol tetranitrate 80 mg (20 mg in immediate release 
layer and 60 mg in sustained release basti. Fach tablet of Peri 
trate 40 mg contains pentaerythritol tetrazitrate 40 mg. Each tab- 
et of Peritrate 20 mg contains pentaerythvitol tetranitrate 20 mg 
Each tablet of Peritrate 10 mg contains pestaerythritol tetramtrate 
10 mg. Peritrate (pentaerythritol tetranitrate) is a nitric acid ester 
of a tetrahydric alcohol (pentaerythritol) 





indications: Based on a review of this drug by the National 
Academy of Sciences—Natrenal Research Council and/or 
other information, FDA has classified the indications as 
follows 

"Possibly" effective: Peritrate (pentaerythritol fetrani- 
trate}, is indicated for the relief of ancina pectaris (pain 
associated with coronary artery disease}. It is not intended 
to abort the acute anginal episode but itis widely regarded 
as useful in the prophylactic treatment of angina pectoris 

Final classification af the fess-than-effective indications 
requires further investigation 








| 
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Contraindications: Peritrate SA Sustained Action pentaerythritol 
tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are 
contraindicated in patients who have a history of sensitivity to the 
drug 

Warning: Data supporting the use of Peritrate (pentaerythritol tet- 
famitrate) during the early days of the acute phase of myocardial 
infarction (the period during which clinica! and laboratory findings 
are unstable) are insufficient ta establish safety. 

This drug can act as a physiological antagonist to norepi- 
nephrine. acetylcholine. histamine, and many other agents 
Precautions: Should bé used with caution in patients who have 
glaucoma. Tolerance to this drug. and cross-tolerance to other 
itrites and nitrates may occur 
Adverse Reactions: Side effects reported to-date have been pregom- 
anantly related to rash (which requires discontinuation of medica- 
ten) and headache and gastrointestinal distress. which are 
usually mild and transient with continuation of medication in 
Some cases severe. persistent headaches may occur 

in addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate Have been reported in the literature 

{a} Cutaneous vasadilatation with flushirg 

(bi Transient episodes of dizziness and weakness, as well as 

ather signs of cerebral ischemia associated with postural 
hypotension, may occasionally develop 

i£) An occasional individual exhibits marked sensitivity to the 

hypotensive effects of nitrite and severe responses (nausea. 
vomiting, weakness, restlessness. pallor. perspiration and 
collapse} can occur, even. with the usual therapeutic doses 
Alcohol may enhance this effect 
Bosage: Peritrate (pentaerythritoi tetramtrate} may be admins- 
fered in individualized doses up to 160 mg 2 day. Dosage can be 
initiated at one 10 mg or 20 mg tablet qud. and titrated upward to 
40 mg {two 20 mg tablets or one 40.mg tablet) qid. one-half hour 
before or one hour after meals and at bedtime A'ternahively. Peri- 
trate Sustained Action 80 mg can be administered on a convenient 
Bed. dosage schedule 
Supplied: Peritrate SA Sustained Action (pentaerythritol tetrani- 
trate) 80 mg—double-iayer. biconvex. dark creen‘light green tab- 
lets in bottles of 100 (N 0047-0004-51) and :000 1N 0047-0004-60) 
Also unit dose, package of 10 x 10 strips (N 047-2004-11). 

Peritrate (pentaerythritol tetranitratei 40 ng — pink scored tab- 
lets in bottles of 100. (N-0047-0008.51) 

Peritrate (pentaerythritol tetranitrate) 20 ^ng— ight green, 
Sccred tablets in bottles of 100 (N 0047-000 5-51) and 1000 
{N 0047-0001-60). Also urit dose. package of 10 x 10 strips 
(8.0047-0001-18: 

Peritrate (pentaerythritol tetranitrate) 10 mg—fght green, 
unscored tablets in bottles of 100 (N 0047-0807-51) and 1000 
{N 9047-0007-60) 

STORE BETWEEN 59^ and 85^ F [15^ and 30^ C). 

Animal Pharmacology: In a series of carefully designed studies in 
pigs: Peritrate (pentaerythritol tetranitrate) was administered for 
48 hours before an artifically induced occlusion of a major coro- 
nary artery and for seven days thereafter. The pigs were sacrificed 
at various intervals for periods up to six weeks. The result 
showed a significantly larger number of survivors n the drug- 
treated group. Damage to myocardial tissue :a the drag-treated 
Survivors was less extensive than in the untreated group. Studies 
in dogs subjected to oligemic shock through progressive bleeding 
have demonstrated that Peritrate (pentaerythritol tetranitratei is 
vasoactive at the postarteriolar level. producing iacreased blood 
flow. and better tissue perfusion. These animal experiments can- 
not de translated to the drugs actions in humans. 

Fult information is available on request 


Warner /Chilcott 

Bivision, 

Warner-Lambert Company 

Morris Plains, N.J. 07950 PE-GP-82 
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ALDACTONE® 


(spironolactone) 25 mg. tablets 


WARNING 
Spironolactone has been shown tobe a tumorigen in chronic toxicity studies in 


rats (see Warnings). Aldactone should be used only in those conditions 
described under indications. Unnecessary use of this drug should be avoided. 





Indications: Diagnosis and treatment of primary hyperaldosteronism. Essential 
hypertension, edema of congestive-heart failure and the nephrotic syndrome, when other 
measures are considerec. inappropriate. Cirrhosis of the liver accompanied by edema 
and/or ascitas. Hypokalernia. $ 

Contraindications: Anuria, acute renal insufficiency, significant impairment of renal 
function, or hyperkalemia. — 

Warnings: Excessive 2otaésium intake may cause hyperkalemia. Potassium sup- 
plements should not be given with Aldactone. Do rot administer concurrently with other - 
potassium-sparing diuretics. 

Spironolactone has been shewn.to be a tumorigen in chronic toxicity studies in rats. in 
one study using 25, 75, and 256 times t^e usual daily human dose (2 mg ./ kg.) there was a 
statistically significant dose-related increase in benign adenomas of the thyroid and testes. 
In female rats there was a statistically significant increase in malignant mammary tumors at 
the mid-dose only. In mate «ats there was a dose-related increase in proliferative chariges in. - 
the liver. At the highest dosage level (500 mg.'kg.) the range of effects included 
hepatocytomegaly, hyperplastic nodules and hepatocellular carcinoma: the last was hot 
Statistically significant. : 

Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
and electrolyte balance. Hyperkalemia may occur in patients with impaired renal function or 
excessive potassium intaxe and can cause cardiac irregularities. which may be fatal. 
Hyponatremia may be caused or aggravaied, especially when Aldactone is administered in 
combination. with other diuretics. T-ansient elevation of BUN and/or mild acidosis may 
occur. Aldactone potentiates the effect of other diuretics or antihypertensive agents, 
particularly ganglionic biocking agents: therefore the dosage. of such drugs should be ; 
reduced by at least 50 percent whenadding Aldactone. Gynecomastia may develop and in £i 
rare instances some breast enlasgement may persist, Vascular responsiveness to © 
norepinephrine may be recuced: 

Spironolactone may cross the placental barrier. Use in pregnant women requires thatthe / 
anticipated benefit be weighed against possible hazard to the fetus, Breast feeding should 
be discontinued when Aldactone is being used. 

Adverse Feactions: Gynecomasiia is observed net infrequently. Gastrointestinal symp- < 
toms including cramping and diarrhea, drowsiness, lethargy, headache, maculopapular or ..: 
erythematous cutaneous eruptions, urticaria, mental contusion, drug fever, ataxia, inability 
to achieve or maintain erection, irregular menses or amenorrhea, postmenopausal 
bleeding, hirsutism and deepening o: the voice. Carcinoma of the breast has been reported 
but a cause-and-effect relationship. has not been established. Adverse reactions are | 
usually reversible upon discontiruation.of the drug. 

Dosage aad Administration: 

For primary hyperaldosteronism: 400 mg. daily for three to four weeks {long test}, or 
for four days ‘short test). For preparation for surgery or for long-term maintenance therapy; 
100 to 400 mg. daily. 

For edema in adults: initial daily dosage is 100 mg. in divided doses but may range from 
25 to 200 mc. daily. If alter five days an adequate diuretic response has not occurred, à — 
second diuretic which acts more proximaliy in the renal tubule may be added. The dosage 
of Aldactone should remair: uncKanced when other diuretic therapy is added. 

For edema in children: Initial daily desage shout! provide approximately 1,5 mg. per 
pound of body weight (3:3. mg. /k3.) in divided doses. 

For essential hypertension: ‘nitial adult daily dosage of 50to 100 mg. in divided doses, 
alone or. with diuretics which act-more proximally in the renal tubule, or with other 
antihypertensive agents. Continue treatment for at least two weeks since maximal 
response may not occur before this dme. Adjust subsequent dosage according to patient 
resporise. 

or hypokalemia: 25 to 100 mg. daily in divided deses. 


| Searle & Co. 
SEARLE San Juan, Puerto Rico 00936 


Address medical inquiries to: 

G. D. Searle & Co. 

Medical Communications Department 
Box 5110 

Chicago, lilinois 60630 817 








. The delicate balance 
during treatment of CHF 



















le imbalance is often a problem during digitalis therapy and most diuretics 
2 worsen the problem. With both the thiazides and furosemide, fluid and electro- 
imbalance may lead to digitalis toxicity. 


lactone for concomitant digitalis/diuretic therapy. 

Stone“ (Spironolactone) provides gradual and sustained diuresis and, through 
lique mechanism, helps prevent hypokalemia with limited risk of hyperkalemia. 
Aldactone does not adversely affect serum calcium, magnesium, and uric 
evels nor alter glucose tolerance. 


itations to consider. 


actone has been shown to be a tumorigen in chronic toxicity studies in 
S Aldactone should be prescribed only when other measures are con- 
inadequate or inappropriate. (See boxed warning and Warnings section 
one prescribing information, a brief summary of which appears on the 


Aldactone’ 


(spironolactone) 25-mg. tablets 


3 
The diuretic that helps maintain the delicate balance of electrolytes . . 
When other measures are considered inadequate or inappropriate. 


Before prescribing, please consult the complete prescribing information, a brief summary of which appears on the facing page. 

















at males these 
ereat little pacemakers 
even greater? 


CyberLith I 


Multi-Programmable 
CMOS Model 253-01 


intermedics Inc. 
FREEPORT, TEXAS 
VOO VVI. VVT 








Tee house calls. 


We'll give your patients regularly scheduled EKGs at no cost to you, when you 
use Intermedics' Trace-A-Pace™ pacemaker monitoring service. 

A service that includes our providing you with a Trace-A-Pace transmitter for 
your patient. 

The transmitter lets your patient use his home telephone, toll free, to send 
EKG tracings according to your schedule to our Trace-A-Pace service. 

A service directed by an M.D., and staffed by Registered Nurses with coronary 


care experience. 







- toring system easily understood. 


. newest pacemaker mod- 


circuit for telemetry 





Professionals who will call you immediately if any problem is detected. Other- 
wise, each routine tracing is forwarded to you for checking. 

But you have another choice. If you 
prefer, Intermedics can help you establish 
your cwn monitoring service. We'll help 
you install the recording equipment right 
in your own office. 

Either way, we even provide a very 
simple but comprehensive patient booklet 
entitled “House Calls,” to make the moni- 






- = Helping you monitor your patients helps us 
develop even more advanced, reliable pacemakers. 
In fact, some of our g y 





els are built with a special B 


transmission. Our EKG/ 
Telemetry transmitter 
allows your patient to 
send both telemetry and 
EKG recordings to our 
Trace-A-Pace offices in 
Freeport, Texas. 

So while the EKG tells you about the patient's condition the telemetry can 
provide more precise information about the pacemaker's condition. 

Contact your Intermedics Representative, or write and let us tell you more 


about our Trace-A-Pace service. The service behind every Intermedics pacemaker. 


Intermedics Inc. 


PO. Box 617, Freeport, Texas 77541 
Trace-A-Pace toll free number 1-800-231-6128. 


Our Business is Life. 























the pres 


We've put | 


sure on 


-and more, to give you the latest in state-of-the-heart monitoring. 


A new Holter Monitor—the Model 447 Electro- 
cardiocorder®, records not only two leads of ECG 
data, but also up to 200 blood pressure readings 
from our Pressurometer® II, and encodes on tape, 
in digital format, the exact time of day throughout 
the 24-hour monitoring period. 


Our other new Electrocardiocorder—the multi- 
channel Model 448, is dedicated to recording and 
time-correlating implanted pacemaker pulses to the 
patient's ambulatory electrocardiogram. The 448 is 
the first Holter Monitor developed solely for the 
assessment of pacemaker function. 


It's only natural Del Mar Avionics is first to offer 
you these diagnostic tools. We were first to develop 
practical ambulatory ECG recorders, first to utilize 
2-channel recording, and first to offer 24 hours of 
continuous ECG information. After all, 

Holter Monitoring™ is our trademark. 


But, this is only half the story. 


ATLANTA (404) 952-0612 
BALTIMORE (301) 265-1320 
BOSTON (617) 942-0230 
CHARLOTTE (704) 373-1206 
CHICAGO (312) 956-6520 
CINCINNATI (513) 874-8600 
CLEVELAND (215) 886-4063 
DALLAS (214) 350-5881 
DENVER (303) 344-5101 
DETROIT (313) 559-6863 
HOUSTON (713)692-3122 
IRVINE (Home Office) (714) 549-1500 
KANSAS CITY (816) 373-1117 
LONG ISLAND (516) 482-7690 
LOS ANGELES (213) 640-2282 
MIAMI (305) 981-0405 
MINNEAPOLIS (612) 854-8726 
NEW ORLEANS\(504) 837-7510 
NEW YORK (203) 966-4560 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 
PITTSBURGH (412) 344-4484 
ROCHESTER (716) 328-2660 
SAN DIEGO (714) 225-0465 
SAN FRANCISCO (415) 349-9102 
SEATTLE (206).246-4430 

ST. LOUIS (314) 739-8151 
TAMPA (813) 879-8280 
EUROPE 720-7405 Telex 61791 
AVONIX B (Brussels, Belgium) 


ee ee ee NA ee m SS DEM on — —À = 


l For more information, or a demonstration, just fill in the coupon below. 





The other half is our new Model 660B Electro- 
cardioscanner® Thread the tape, press a button and 
the 660B scans 24 hours of ECG and blood pressure 
information in 12 minutes, decoding the exact time 
of day directly from the tape. VE and SVE beats, 
heart rates, ST segment levels, and systolic/diastolic 
blood pressures are automatically categorized, 
quantified, and documented on a compre- 

hensive trend chart. 

With the trend chart completed, the 660B auto- 
matically rewinds and searches out abnormalities at 
120-times real-time. Upon recognition, it precisely 
charts the abnormality, in real-time, with the 

exact time of occurrence. 

You might think such advancements in “state-of- 
the-heart monitoring" would obsolete your current 
equipment. Not so! The 660B scans and analyzes 
recordings made on any Del Mar Avionics Electro- 
cardiocorder. And, your Model 660 or 660A 

can easily be updated to a 660B. 

With all these innovations, putting the pressure 

on is our way of being first. At Del Mar Avionics, 
being the first 
has kept us first. 














| O 447 O 448 O P-II O 660B 
Name 
Address 
City State Zip 


DEL. MAR AVIONICS 


1601 Alton Avenue at Redhill, Irvine, CA 92714, (714) 549-1500 
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B ezinning his study of 

4 medicine at the age 
"of 14, Dr. Laennec com pleted 

_ his education during the 

 tumultuous days and 

aftermath of the French 

- Revolution. Toward the end 
_ of his brief, brilliant career, 
in which he brought a new 
-sense of order and discipline 
to the profession, Dr. Laennec 

_ brought about another 

- revolution, no less dramatic 
_ for its absence of violence. 

_ His invention of the 

_ stethoscope and discovery of 
the principles of auscultation 
remain today landmarks 

in the development of 

_ knowledge of the human 

| heart and chest. 


















Of Special Interest 
to Cardiologists 


Trademark 





Each capsule contains 50 mg. of Dyrenium® 
(brand of triamterene) and 25 mg. of hvdrochlorothiazide. 


In Cardiac Edema — Limits Potassium Loss 

During diuretic therapy for edema associated with con- 
gestive heart failure, conservation of vital potassium stores — 
so important in the patient receiving concomitant digitalis— 
is a basic action of the 'Dyrenium' component in 'Dyazide'. 

Less critical, but important in fostering patient compliance 
with maintenance therapy, patients treated with 'Dyazide' 
seldom develop hypokalemia, often a factor in patients' a 
decisions to abandon maintenance therapy because of muscle — 
cramps, fatigue, and malaise. 


Avoids Development of Tolerance 

As the hydrochlorothiazide in ‘Dyazide’ exerts its diuretic 
effect, ‘Dyrenium’ not only enhances fluid output, it blocks 
distal reabsorptive mechanisms stimulated by compensatory. 
elevation of aldosterone. Even during extended maintenance 
therapy, drug tolerance is avoided. 


Serum K+ and BUN should be checked periodically. 
(See warnings.) 

"Dyazide' can cause hyperkalemia, though it is rare in 
patients with normal renal function. Serum K* and BUN 
should be checked periodically, particularly in elderly, dia- 
betics, and those with suspected or confirmed renal insuffi- 
ciency. Potassium supplements should not be used unless 
hypokalemia develops or dietary K* intake is markedly 
impaired. Not for initial therapy (see box warning). 


See next page for brief summary of prescribing information. 


Carolina, PR. 














SK&F Salutes 


A Pioneer in Cardiology 





A N 


RENÉ THÉOPHILE HYACINTHE LAENNEC 


(1781-1826) 


Inventor of the Stethoscope 


Before prescribing, see complete 
prescribing information in SK&F Co. 
literature or PDR. A brief summary 
follows: 





WARNING 

This drug is not indicated for 
initial therapy of edema or hyper- 
tension. Edema or hypertension 
requires therapy titrated to the 
individual. If this combination 


represents the dosage so deter- 
mined, its use may be more con- 
venient in patient management. 
Treatment of hypertension and 
edema is not static, but must be 
reevaluated as conditions in each 
patient warrant. 


Contraindications: Further use in 
anuria, progressive renal or hepatic 
dysfunction, hyperkalemia. Pre- 
existing elevated serum potassium. 
Hypersensitivity to either component 
or other sulfonamide-derived drugs. 


Warnings: Do not use potassium 
supplements, dietary or otherwise, 
unless hypokalemia develops or 
dietary intake of potassium is mark- 
edly impaired. If supplementary 
potassium is needed, potassium tablets 
should not be used. Hyperkalemia 
can occur, and has been associated 
with cardiac irregularities. It is more 
likely in the severely ill, with urine 
volume less than one liter/day, the 
elderly and diabetics with suspected 





Each capsule contains 50 mg. of Dyrenium 


DYAZIDE 


® 


(brand of triamterene) and 25 mg. of hydrochlorothiazide. 
Potassium-Sparing Diuretic* 


or confirmed renal insufficiency. 
Periodically, serum K+ levels should 
be determined. If hyperkalemia 
develops, substitute a thiazide alone, 
restrict K+ intake. Associated widened 
QRS complex or arrhythmia requires 
prompt additional therapy. Thiazides 
cross the placental barrier and appear 
in cord blood. Use in pregnancy 
requires weighing anticipated benefits 
against possible hazards, including 
fetal or neonatal jaundice, thrombo- 
cytopenia, other adverse reactions 
seen in adults. Thiazides appear and 
triamterene may appear in breast 
milk. If their use is essential, the 
patient should stop nursing. Adequate 
information on use in children is 

not available. 


Precautions: Do periodic serum 
electrolyte determinations (particu- 
larly important in patients vomiting 
excessively or receiving parenteral 
fluids). Periodic BUN and serum 
creatinine determinations should be 
made, especially in the elderly, 
diabetics or those with suspected or 
confirmed renal insufficiency. Watch 
for signs of impending coma in severe 
liver disease. If spironolactone is used 
concomitantly, determine serum K* 
frequently; both can cause K* reten- 
tion and elevated serum K* . Two 
deaths have been reported with such 
concomitant therapy (in one, recom- 
mended dosage was exceeded, in the 
other serum electrolytes were not 
properly monitored). Observe 


regularly for possible blood dyscrasias, 
liver damage, other idiosyncratic 
reactions. Blood dyscrasias have been 
reported in patients receiving triam- 
terene, and leukopenia, thrombo- 
cytopenia, agranulocytosis, and 
aplastic anemia have been reported 
with thiazides. Triamterene is a weak 
folic acid antagonist. Do periodic 
blood studies in cirrhotics with 
splenomegaly. Antihypertensive effect 
may be enhanced in post-sympathec- 
tomy patients. Use cautiously in 
surgical patients. The following may 
occur: transient elevated BUN or 
creatinine or both, hyperglycemia and 
glycosuria (diabetic insulin require- 
ments may be altered), hyperuricemia 
and gout, digitalis intoxication (in 
hypokalemia), decreasing alkali 
reserve with possible metabolic 
acidosis. 'Dyazide' interferes 

with fluorescent measurement of 
quinidine. 

Adverse Reactions: Muscle cramps, 
weakness, dizziness, headache, dry 
mouth; anaphylaxis, rash, urticaria, 
photosensitivity, purpura, other 
dermatological conditions; nausea 
and vomiting, diarrhea, constipation, 
other gastrointestinal disturbances. 
Necrotizing vasculitis, paresthesias, 
icterus, pancreatitis, xanthopsia and, 
rarely, allergic pneumonitis have 
occurred with thiazides alone. 


Supplied: Bottles of 100 and 1000 
capsules; Single Unit Packages of 100 
(intended for institutional use only]. 


SK&F CO. 


a SmithKline company 


“Advances in 


the management 
of Arrhythmias” 


Proceedings of the International Symposium on 
Clinical Electrophysiology — Sydney October 1977 — 
428 pages. Edited by D.T. Kelly. 
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THE I.S.C. E. SECRETARIAT, 

P.O. BOX 1558 

NORTH SYDNEY, AUSTRALIA, 2060. 

Please send me copy/copies of 'ADVANCES IN THE 


MANAGEMENT OF ARRHYTHMIAS’. Price: $US25.00 per 
copy (includes postage). | enclose bank draft for $US 
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Now there’s a system that eliminates the 
tedium of winnowing the reams of raw 
data and piles of calculations. 


It's the E for M Computer-Aided Cath 
Lab System with our exclusive 
DB/RG Report Generator. 


The CLC does all the hemodynamic and ventricu- 
lographic calculations at the touch of a button. It 
also gives you a chronological log of the case and 
cumulative calculated results whenever you want 
them. Unlike other systems, however, ours 
doesn’t stop there. 


For when the case is finished, our computer 
abstracts the essentials, then writes the reports, 
all in a matter of minutes! 


What kind of reports? Exactly as you see 
on these pages.* 


* Report for the lab file. 

* Report for the surgical team. 

* Even a letter and report for the 
referring physician. CORO, 


And all the reports are tailored to the 
circumstances of the particular case 
and your individual requirements. 
Which is why we call it the Complete 
Cath Lab System. 
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If you want to know more, we've got 

a 16-page color brochure with full details. 
It's yours if you give us a call, drop us a line, 
or visit your nearby E for M representative. 
Be sure to ask for a copy of these reports. 





IN THE ANXIOUS POST-MI PATIENT 


THESE PARAMETERS MAY BE IMPROVING... 





The patient’s ECG shows an improved 
picture with virtually no signs of the S-T 
segment shift associated with myocar- 
dial injury. Both the erythrocyte sedi- 
mentation rate and the SGOT are 
now within normal limits. Blood 
pressure readings are on the low 
side and the patient’s pulse rate 
is down to80 beats per minute. 
The atrial gallop sound can 
no longer be heard. 





“BUT THESE MAY NOT. 





You've assured the patient, time cardiac glycosides, anticoagu- 




















and again, that he’s making ex- lants, diuretics and vasodilators. 
cellent progress, that all signs An especially important advan- 
point toa marked improve- ^ tage: Valium (diazepam) is usually 

















ment in his condition. He well tolerated. Though drowsiness, 
seems to understand... ataxia and fatigue are encoun- 
and yet, his tered with some patients, these 







and more serious side effects are 
rarely a problem. Patients who 
will be taking Valium during 







excessive 


f anxiety and their first weeks at home should 
psychic tension continue be cautioned against the simul- 
[to pose problems. taneous drinking of alcohol. 
/For patients like this, adjunc- Periodic reassessment of the pa- 
(tive Valium (diazepam) can tient’s need for psychotropic 


‘be particularly useful. Valium medication is also recommended. 
‘works promptly: patients often 
feel distinctly calmer in hours, 
usually apo significant symp- 
tomatic relief within days. And 
once calmer and in better con- 
trol of their emotions, they tend 
to be more optimistic as well 

and to enter more willingly into 
rehabilitative programs. 

Valium can also alleviate the 
anxiety-linked insomnia so often 
seen in post-MI patients. In 
most cases, adding an h.s. dose 
of Valium to the usual t.i.d. 
schedule helps relieve “night- 
time apprehensions” and 
encourages sleep. And Valium is 
used with most classes of pri- 
mary medications, including 


VALIUM. 


diazepam/Roche 


2-mg, 5-mg, 10-mg scored tablets 


TO REDUCE EXCESSIVE ANXIETY 
TO MORE MANAGEABLE LEVELS 


Before prescribing, please see following < ROCHE > 
nage far a cummary af nradnct information 





Valium® (diazepam/Roche) 


Before prescribing, please consult complete 
product information, a summary of which 
follows: 
Indications: Tension and anxiety states: somatic 
complaints which are concomitants of emotional 
factors: psychoneurotic states manifested by ten- 
sion, anxiety. apprehension. fatigue. depressive 
symptoms or agitation. symptomatic relief of 
acute agitation, tremor, delirium tremens and 
hallucinosis due to acute alcoho! withdrawal: ad- 
junctively in skeletal muscle spasm due to reflex 
spasm to local pathology: spasticity caused by 
upper motor neuron disorders; athetosis: stiff-man 
syndrome: convulsive disorders (not for sole 
therapy) 
The LETREN of Valium (diazepam) in long- 
term use. that is. more than 4 months. has not 
been assessed by systematic clinical studies. The 
physician should periodically reassess the useful- 
ness of the drug for the individual patient 
Contraindicated: Known hypersensitivity to the 
drug. Children under 6 months of age. Acute nar- 
row angle glaucoma; may be used in patients 
with open angle glaucoma who are receiving 
appropriate therapy. 
Warnings: Not of value in psychotic patients 
Caution against hazardous occupations requiring 
complete mental alertness. When used adjunc- 
tively in convulsive disorders. possibility of in- 
crease in frequency and or severity of grand mal 
seizures may require increased dosage of stan- 
Gard anticonvulsant medication: abrupt withdrawal 
may be associated with temporary increase in 
frequency and or severity of seizures. Advise 
against simultaneous ingestion of alcohol and 
other CNS depressants. Withdrawal symptoms 
(similar to those with barbiturates and alcohol) 
have occurred following abrupt discontinuance 
(convulsions, tremor, abdominal and muscle 
cramps. vomiting and sweating). Keep addiction- 
prone individuals under careful surveillance be- 
cause of their predisposition to habituation and 
depencence 
Usage in Pregnancy: Use of minor tranquiliz- 
ers during first trimester should almost al- 
ways be avoided because of increased risk 
of congenital malformations as suggested in 
several studies. Consider possibility of preg- 
nancy when instituting therapy; advise pa- 
tients to discuss therapy if they intend to or 
do become pregnant. 
Precautions: |f combined with other psycho- 
tropics or anticonvulsants. consider carefully 
pharmacology of agents employed. drugs such 
as phenothiazines, narcotics, barbiturates. MAO 
inhibitors and other antidepressants may poten- 
tiate its action. Usual precautions indicated in pa- 
tients severely depressed, or with latent depres- 
sion. or with suicidal tendencies. Observe usual 
precautions in impaired renal or hepatic function 
Limit dosage to smallest effective amount in 
elderly and debilitated to preclude ataxia or 
oversedation 
Side Effects: Drowsiness, confusion, diplopia 
hypotension, changes in libido, nausea, fatigue 
depression, dysarthria, jaundice, skin rash, ataxia 
constipation, headache, incontinence, changes in 
salivation, slurred speech, tremor, vertigo, urinary 
retention. blurred vision. Paradoxical reactions 
such as acute hyperexcited states, anxiety. hal- 
lucinations, increased muscle spasticity. insomnia 
rage, sleep disturbances, stimulation have been 
reported: should these occur, discontinue drug 
Isolated reports of neutropenia, jaundice; periodic 
blocd counts and liver function tests advisable 
during long-term therapy 
Dosage: individualize for maximum beneficial ef- 
fect Adults: Tension, anxiety and psychoneurotic 
states, 2 to 10 mg b.i.d. to q.i.d.; alcoholism 
10 mg t.i.d. or q.i.d. in first 24 hours, then 5 mg 
t.i.d. or q..d. as needed; adjunctively in skeletal 
muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; adjunc- 
tively in cenvulsive disorders, 2 to 10 mg b.i.d. to 
q.i.d. Geriatric or debilitated patients: 2 to 2v2 
mg, 1 or 2 times daily initially. increasing as 
needed and tolerated. (See Precautions.) Chil- 
dren: 1 to 2¥%2 mg t.i.d. or q.i.d initially, increasing 
as needed and tolerated (not for use under 
6 months) 
Supplied: Valium* (diazepam) Tablets, 2 mg 
5 mg and 10 mg— bottles of 100 and 500; 
Tel-E-Dase® packages of 100. available in trays of 
4 reverse-numbered boxes of 25, anc in boxes 
containing 10 strips of 10; Prescription Paks of 50, 
available singly and in trays of 10 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley. New Jersey 07110 
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How to Keep Up with 
Drug Interaction in 
Cancer Chemotherapy 


Three authorities from 
a leading medical center show 
you how to use the most current 
chemotherapeutic agents 





A SYNOPSIS OF 





At last a way to keep up with the bewildering prolifera- 
tion of new chemotherapeutic drugs which have 
come into use relatively recently. This just published 
guide will be valuable to every hospital, and every on- 
cology specialist, general internist, clinical pharma- 
cist, and nurse oncologist. 


A SYNOPSIS OF CANCER CHEMOTHERAPY is a 
concise, readily understandable “how to" manual. 
Developed originally for staff use at The New York 
Hospital-Cornell Medical Center, the concept proved 
so successful it was decided to make it available to 
cther professionals. The new users of the SYNOP- 
SIS have the advantage of a proven, time-tested 
learning system. It is written in a unique, compact 
work-book style to keep reading time to a minimum. 


The reader can quickly find the 


following for both commercially ó 
labl RICHARD T. SILVER, MD, F.A.C.P., FA.B.C.O 
ayal abid and investigations) Chief, Oncology Service, Div. Hematology-Oncology, 








drugs Clirical Professor of Medicine, Cornell University Medical 
e Structure Col ege, eres MPs New York Hospital, Exec 
* Mechanism of Action Officer, Cancer & Leukemia Group B 
* Pharmacokinetics R. DAVID LAUPER, Pharm. D. 
* Toxicity Asst. Director for Education and Information, Pharmacy 
Dept., New York Hospital-Corne!! Medical Center. 
* Therapy 
® Availability CHARLES I. JAROWSKI, MD 


Instructor in Medicine, Cornell University Medical College, 
Senior Chemotherapy Fellow, Div. of Hematology-Oncology, 


The chemotherapeutic agents in The New Ycrk Hospital 


the main listing section cover 
these categories 

* Alkylating Agents 

* Antimetabolites 


* Mitotic Inhibitors Refer to it for chemotherapeutic drug information for a full 

* Antibiotics morth. Then keep the book only if you want it for permanent 

* Miscellaneous (includes such reference. Otherwise simply return it and owe nothing. You 

drugs as Mithramycin have nothing to lose and a whole world of valuable life-saving 
knowledge to gain. Order right now! 





Use it for 30 days—FREE 


Mitotane, etc.) 


YORKE MEDICAL BOOKS ; 
666 Fifth Ave., New York, N.Y. 10019. ^70 9/7? 


YES! Please send me a copy of ASYNOPSIS OF CAN- 
CER CHEMOTHERAPY at only $16.00. | may use the 
book for 30 days and if not completely satisfied, return it 
for full credit or refund. 


O Payment enclosed, publisher pays shipping cost. 


Name 





Address 





City State 
New York State residents add applicable sales tax 


-a e — ee — o ee — — — — — 


Zip 








— me — ee — e ee — — — aes 


| 
| 
| 
| 
l 
| O Bill me plus cost cf shipping 
| 
| 
| 
| 
| 


Saffola fights cholesterol 
| betterthan | 
any corn oil margarine. 





E 


Higher in beneficial polyunsaturates. 
Contains no cholesterol. And tastes great. 


Saffola is beneficial as part of a fat modified diet to help reduce serum cholesterol. 





o surpasses nonstabilized nitroglycerin 
Lo] 0819 [Lo e [9101 70] 5 COL [SR fixing agent 
in formulation helps retain potency 

o average assay of Nitrostat still 
shows better than 10095 of label claim 
70 months after manufacture* to assure 
that your patient is not taking a 
subpotent tablet 

o available in packages of 4x25s and in 
bottles of 100 tablets 

o more than 800 million tablets of 
Nitrostat sold during the past five years 


*Five-year expiration date, data on file, Parke-Davis 


N lat : 


E A Sublingual Tablets 


nitroglycerin tablets, USP)-— 


ARKE-DAVIS 
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We uncrate it for you, 
install it and see that 
i's operating correctly. 


It takes special training even to un- 
crate the Roche AVCO Intra-Aortic 
Balloon Pump correctly. That's why 
we insist on doing it for you! After 
uncrating, after installation, after 
checkout...your warranty begins. 
Most other companies leave you 
on your own. 


The Roche AVCO IABP has 
a warranty for a full year. 


In addition, service is available for as 
long as you use it. Specially trained 
field service technicians are avail- 

able 24 hours a day, 7 days a week: 





We train your personnel 
in its use, now and 
in the future. 


Our cardiovascular training special- 
ists come to your hospital at a desig- 
nated date at no charge to you and 
instruct your personnel in a formal 
training program: You support your 
patients better, because we support 
you better. Furthermore, within six 
months we will send our cardiovas- 
cular training specialist to participate 
in your first use of the Roche AVCO 
IABP, or conduct a refresher course 
for trained personnel or train new 
personnel in your hospital. Additional 
training courses are available in all 
parts of the country, and special 
sessions can be scheduled as you 
feel necessary for as long as you own 
the equipment. No other company 
we know of works so hard to help 
you help your patients. 
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ha ECs nacre» Roche Medical Electronics Inc. 
Cranbury, New Jersey 08512 


Gentlemen, O Please have a representative call to set up an ap- \ 
pointment to demonstrate the Roche AVCO IABP 
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TAKE SIX HANDS... 


BER You can now do with two, and CARDIOTEST™. New from CPI 
CARDIOTEST is an easy-to-operate pushbutton instrument that is 
really three devices in one: a threshold analyzer, a pacer tester and a 
noninvasive pacer monitor. It's the compact answer to all your pace- 
maker analysis needs — both during and after implant. 


Pushbutton operation makes CARDIOTEST simple to use. And the 
self-explanatory faceplate is clearly divided into the three functional 
areas for precise and reliable operation. The large dispay area allows 
quick identification of numerical values and units of measurement 
(ppm, ms, v, mA, K9, mv). 


With CARDIOTEST, you can measure thresholds at the implantable 
pacer's pulse parameters . . . for a start. You can also test lead 
system resistance, R-wave amplitude, and implantable pacer output 
characteristics. 


A range of special test functions not offered by most other pacer 
analyzers includes: 

Demand pacing option during threshold testing 

Measurement of implantable pacer sensitivity 

Implantable pacer refractory period measurement 

Simultaneous patient pacing during test operations 

Noninvasive, postoperative measurement of rate, interval and pulse 

width 


The highly visible display quickly verifies all dial settings on CARDIO- 
TEST, so mechanical setting inaccuracies are eliminated. Extreme 
precision of actual measurements is achieved through crystal 

_ controlled timing and state-of-the-art digital logic circuit techniques. 
What appears on the display is what's actually occurring within the 
patient’s pacing system. 
For accurate, complete, yet simply performed analyses, CARDIOTEST is 
the answer. 


For additional information on how CARDIOTEST can provide simple 
solutions to your pacemaker analysis needs, contact your CPI repre- 
sentative or call Toll-Free (800) 328-9588. 


Cardiac Pacemakers, Inc 

4100 North Hamline Avenue 

P.O. Box 43079 

St. Paul. Minnesota 55164. U.S.A 


INVOLVED IN MANKIND 


© 1979 Cardiac Pacemakers, Inc 











































































































How to Keep Up 
with the Most 
Recent Advances 
in Your Specialty 


e Comfort of Your Home or Office 





This new book is designed for the busy physician who finds it difficult 
to keep up with the growing literature in his profession. Up until now 
the only wey this could be done was to attend such conferences as the 
highly acclaimed Update Your Medicine sponsored by New York 
Hospital, Cornell Medical Center. These programs were developed to 
prepare doctors for Recertification despite heavy work loads. 


The 16 Lectures are Presented in Compact 


, Workbook Style for Quick Reading and 
AMA Physician's Easy Comprehension: 


ition Award | 
Recogn | i 4, Update Your Endocrinology I: 
CORNELL MEDICAL UP- | : Thyroid & Gonad 





ir i 


DATE T has been ap- 2. Update Your Endocrinology il: 
proved for Category 1 Hypothalamus and Anterior Pituitary 
credit towards the AMA's 3. Update Your Cardiology 
Physician's Recognition : 4, Update Your Gastroenterology: 
Award for Continuing Med- : Chronic Active Hepatitis 
ical Education, fus see DOR e ceu Hast vene gy: 
on how fo apply for credit : 
is included with every | — : 8. D one! Physiology and 
copy. : 
opy : T. Recent Advances in Cancer 
Chemotherapy 
8. Compendium of Antineoplastic Agents 
9. Update Your immunology: 
Hypersensitivity States 
40. Update Your Immunology: 
immunopharmacology of Asthma 
11. Advances in Neurology 
22. Update Your Radiology: Angiography of 
the GI Tract in Management of Acute 
Arterial Bleeding 
13. Update Your Radiology: Sonography of 
the Abdomen 
14. Recent Advances in Diabetes Mellitus 
and Hypoglycemia 
15. Evaluation of the Program by the Reader 
18. Evaluation of the Reader—for the AMA 
Physician's Recognition Award Credits 





Head H tor 30 deys—FREE = 
Use it to check any prob- : 
i jems which coma up in your 
practice throughout a full 
month. Then keep the book 
only Hf youcwant it for perma- 
nent reference. Otherwise 
simply return it and owe 
| nothing. Yeu have nothing fo | 
lose and a whole worid of 
valuable Efetaving knowl- 
edge to gain. Order right 
nowi 
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Yorke Medical Books 

666 Fifth Ave., New York, NY 10019 
YES! Please send me a copy of CORNELL MEDICAL UPDATE 
| at $32.00. | may use the book for 30 days and if not com- 
pletely satisfied, return it for full credit or refund. 

C] Payment enclosed, publisher pays shipping cost 

(3 Bill me, plus cost of shipping 
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To build a 
acorporeal 


BRIEF SUMMARY OF PRODUCT INFORMATION 
BALLOON WEDGE PRESSURE CATHE ERS 


indications. fing b le 


s HE 
heart. Warnin 


ot 
s Precaution: 


2 i E nar H 
BIPOLAR TEMP! RY PACING W 
TEMPORARY PACING CATHETERS 
indications wien ary Pansve 


H 


FOR BALLOON GENERAL 


Warnings: 





better cardiac catheter, 
starts with a built-in tip. 


As you can see, the Extracorporeal 
tip is smooth, tapered, unruffled, 
suture free, no wider than the 
catheter itself. The benefits are 
built-in: 

* The introducer is the same size as 
the catheter." Not larger. This 
means a smaller insertion hole 
and less likelihood of trauma and 
intimal damage. And it simplifies 
introducer selection. 

» Less blood is lost. Because the 
introducer is smaller and because 
the catheter fits it snugly the entire 
length of the catheter. 

‘Our tapered tip has a larger 
lumen which reduces the likeli- 
hocd of clotting and makes it 
easier to introduce drugs and 
dyes. 

A smaller diameter catheter may 
be used, because a larger lumen 
also produces pressure measure- 


be matched only by a larger- 
diameter competitive catheter. 

e The tip is suture-free, eliminating 
clotting caused by the sutures’ 
irregular surface. 


Beyond the tip, a host 

of other benefits. 

e Inflation is more convenient 
because every Extracorporeal 
balloon catheter is packaged 
with an appropriately sized 
syringe. 

Pure platinum electrodes for 
better electrical characteristics. 
Blood may alter the conductivity 
properties of stainless steel and 
cause inferior readings. That's 
why our balloon pacing catheters 
employ only inert platinum for 
electrodes. 

* High pressure tubing used in our 
Berman angiographic catheters 
permits higher pressures to be 


The Extracorporeal built-in tip, 
balloon deflated. 


Other manufacturer's built-on 
fip, balloon deflated. 


when drugs or dye must be injected. 

è More sizes available. Especially in 
Berman angiographic and wedge 
pressure models. And we can 
supply custom catheters, too. 

* Even our package works hard 
for you. Each catheter comes in its 
own sterile peel-pack that stores 
easily and has a fold down tab 
for quick identification. 

* Our new brochure has all the 
facts. Just let us know where you 
are and we'll send you one. Call 
your Extracorporeal representa- 
tive, or write or call us toll free: 
800-523-1740. 


*With one small exception —the Extracorporeal 4F 


extracorporeal 


Extracorporeal Medical Specialties, Inc 


Royal & Ross Roads, King of Prussia. Pa 19406 USA 215-137-2400 
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Only EkoSector I gives you 
ic Image 








Normal 


Pericardial effusion 


Left ventricular hypertrophy, pericardial 
effusion 








Inferior Vena Cava entering right atrium. Normal Tricuspid valve vegetation. 








Small pericardial effusion, long axis view. Pericardial effusion, short axis view. Tricuspid valve vegetation. 
Our patented method of Dynamic the entire adult heart—parasternal M-mode tracings from recorded 
Image Reconstruction signifi- short and long axis views as well two dimensional images. 
cantly improves image quality, as apical, subxyphoid and others. . E : 
data ina and the m of ^ PAGES also E for A-mode and Ultrasound is changing fast. Wit 
making a diagnosis. M-mode examinations. EkoSector I, you'll be ready. 
This unique system delivers What's more, Dynamic Image Thanks to our exclusive sys 
dimensionally correct, high-resolu- Reconstruction lets you preserve tem of Dynamic Image Recon- 
tion wide angle images with none both two-dimensional images and struction, the data acquisitjon a 
of the distortion produced by M-mode on video cassettes. On display capability of EkoSectqrI 
conventional methods. playback, you can get a hard copy is virtually obsolescence-free. 
As a result, you can more ac- of both, you can reformat the Images recorded with the 


curately visualize cross-sections of image and you can reconstruct Dynamic Image Reconstructio 





Wide Angle S.anníng plu- 
Reconstruction. 








Pericardial effusion. 


Subxyphoid Views 











Left ventricular hypertrophy pericardial 
effusion, short axis. 


technique can be re-analyzed and 
reprocessed with tomorrow's com- 
puterized ultrasound to extract 
new diagnostic criteria. This 
means that your EkoSector I will 
continue to be an up-to-date ultra- 
sound image acquisition terminal. 
ind out today how easily and 

cpnomically you can, have all the 

dvantages of the EkoSector I 

ide Angle Ultrasound System. 

all or write: 


Parasternal Views 


SmithKline Instruments, Inc. 


880 West Maude Avenue 
Sunnyvale, California 94086 
Toll free: 800-538-1556 

In California call collect 
408-732-6000 


SmithKline Instruments 


300 Laurentien Boulevard 
St. Laurent, Quebec, Canada 
Tel: 514-747-6565 








SIsi 


a SmithKline company 








SmithKline Instrument Co. Ltd. 


Welwyn Garden City 
Hertfordshire, England 
Tel: Welwyn Garden 25111 
Telex: 851-261-1347 





SmithKline Instruments 


PO. Box 89 

Brookvale, N.S.W. 2100, Australia 
Tel: 415-5211 

Telex: 790-20092 i 








For ventricular arrhythmias. 

For atrial arrhythmias. 

For smooth, trouble-free conversion. 
For steady maintenance. 





o Greater GI tolerance 
than with quinidine sulfate 
o Full quinidine cardiodynamics 
ri Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
— whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 
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BRIEF SUMMARY-INDICATIONS: CARDIOQUIN Tablets (quinidine 
polygalacturcnate) are indicated in the treatment of: premature atrial 
and ventricular contractions; paroxysmal atrial techycardia; paroxys- 
mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillation; 
established atrial fibrillation when therapy is appropriate; paroxysmal 
ventricular tachycardia when not associated with complete heart- 
block; maintenance therapy after electrical conversion of atria! fibril- 
lation and/or flutter, CONTRAINDICATIONS: Aberrant impulses and 
abnormal! rhythms due to escape mechanisms should not be treated 
with quinidine. WARNING: In the treatment of atrial fiutter reversion 
to sinus rhythm may be preceded by a progressive reduction in the 
degree o! AV block to a 1:1 ratio and resulting extremely rapid ven- 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinidine 
polygalacturonate 275 mg.) is equivalent in quinidine content to 3 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dosage 
must be adjusted to individual needs, both for conversion and main- 
tenance. An initlal dose of 1 to 3 tablets may be used to terminate 
arrhythmias, and may be repeated in 3-4 hours. lf normal sinus rhythm 
s not restored after 3 or 4 equal doses, the dose may be rM 
by Ve to 1 tablet (137.5 to 275 mg.) and administered three to fou: 
times before any further dosage increase. For maintenance, one ` 
tablet may be used two to three times a day; ganerally one tablet 
morning and night will be adequate. SUPPLIED: Uncoated, scored 
tablets in bottles of 100. 


Purdue Frederick 


€ COPYRIGHT 1978, THE PURDUE FREDERICK comPany/ NORWALK, CT 08858 C8207 21:278 
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ALDORIL 


from the 
cardiovascular 
view point 


[] A favorable cardiac profile: neither component 
of ALDORIL usually has any direct effect on cardiac 
function— in long-term therapy cardiac output is 
usually maintained. 
[] Control of sodium and fluid retention: ALDORIL 
often helps control fluid imbalance, particu- 
larly in those cases of hypertensive vascular 
disease where sodium and water retention 
is a problem. 


As a fixed combination, ALDORIL is not 
indicated for initial therapy since hyper- 
tension requires therapy titrated to the 
individual patient. If an available 
strength of ALDORIL meets the patient's 
titrated needs, the combination drug 
may be more convenient in patient 
management. Therapy should be 
reevaluated as necessary. 


ALDORIL is contraindicated in active 
hepatic disease; anuria; hypersensitivity 
to methyldopa or to hydrochloro- 
thiazide or other sulfonamide-derived 
drugs; if previous methyldopa therapy 
has been associated with liver 
disorders. In patients with renal 
disease, thiazides may precipitate 
azotemia. Use with caution in 
patients with severe renal disease 
or impaired hepatic function. 

It is important to recognize that a 
positive Coombs test, hemolytic 
anemia, and liver disorders may 
occur with methyldopa therapy. 

The rare occurrences of hemolytic 
anemia or liver disorders could lead 
to potentially fatal complications 
unless properly recognized and managed. 
For more details, see the brief summary 
of prescribing information. 


Copyright © 1979 by Merck & Co., Inc 


active hypertensives 


, points of view 





ALDORIL 


from the 
practical 
viewpoint 


Highly effective complementary agents: 
HydroDIURII* (Hydrochlorothiazide, MSD), and 
ALDOMET® (Methyldopa, MSD), two well-accepted 
antihypertensives which usually maintain blood 
pressure control throughout the day. 

Greater dosage convenience (with a single tablet): 
a b.i.d. regimen is possible for many patients. 
Effect on daily activities usually minimal: there is 
less frequent symptomatic postural hypotension 
with ALDORIL than with many other antihyperten- 
sive agents. Exercise hypotension and diurnal 
blood pressure variations rarely occur. 


ALDORIL 


containing methyldopa and hydrochlorothiazide 


TABLETS 


ALDORIL D50 


containing 500 mg ALDOMET® (Methyldopa, MSD) 
and 50 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 


TABLETS 


ALDORIL D30 


containing 500 mg ALDOMET® (Methyldopa, MSD) 
and 30 mg HydroDIURII* (Hydrochlorothiazide, MSD) 
TABLETS 

ALDORIL*-25 containing 250 mg ALDOMET* (Methyldopa, MSD) 
and 25 mg HydroDIURII* (Hydrochlorothiazide, MSD) 

TABLETS 

ALDORIL*-15 containing 250 mg ALDOMET® (Methyldopa, MSD) 
and 15 mg HydroDIURIL® (Hydrochlorothiazide, MSD) 


= 
7 
Oo 


For a brief summary of prescribing information, 
please see following page. 
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* Antihypertensive TABLETS 
ALDORIL® D30 
methyldopa 500 mg and 
hydrochlorothiazide 30 mg 


Antihypertensive TABLETS 
ALDORIL® D50 
methyldopa 500 mg and 
hydrochlorothiazide 50 mg 













WARNING 
This fixed combination drug is not indicated for initial therapy of hypertension. 
Hypertension requires therapy titrated to the individual patient. If the fixed com- 
bination represents the dosage so determined, its use may be more convenient in 
patient management. The treatment of hypertension is not static, but must be re- 
evaluated as conditions in each patient warrant. 


Contraindications: Active hepatic disease, such as acute hepatitis and active cir- 
rhosis;if previous methyldopa therapy has been associated with liver disorders (see 
Warnings); anuria; routine use in an otherwise healthy pregnant woman with or with- 
out mild edema; hypersensitivity to methyldopa or to hydrochlorothiazide or other 
sulfonamide-derived drugs. 

Warnings: METHYLDOPA — it is important to recognize that a positive Coombs 
test, hemolytic anemia, and liver disorders may occur with methyldopa therapy. 
The rare occurrences of hemolytic anemia or liver disorders could lead to po- 
tentially fatal complications unless properly recognized and managed. Read 
this section carefully to understand these reactions. 

With prelonged methyldopa therapy, 10% to 20% of parents develop a positive direct 
Coombs test, usually between 6 anc 12 months of therapy. Lowest incidence is at 
daily dosage of 1 g or less. This on rare occasions may be associated with hemolytic 
anemia, which could lead to potential’y fatal complications. One cannot predict which 
patients with a positive direct Coombs test may develop hemolytic anemia. Prior ex- 
istence or development of a positive cirect Coombs test is not initself a contraindica- 
tion to ase of methyldopa. If a positive Coombs test develops during methyldopa 
therapy, determine whether hemolytic anemia exists and whether the positive 
Coombs test may be a problem. For example, in addition to a positive direct Coombs 
test there is less often a positive indiract Coombs test which may interfere with cross 
matching of blood. 

At the siart of methyldopa therapy, it is desirable to do a blood count (hematocrit, 
hemoglobin, or red cell count) for a baseline or to establish whether there is anemia. 
Periodic blood counts should be done during therapy to detect hemolytic anemia. It 


. may be useful to do a direct Coombs test before therapy and at 6 and 12 months after 


the start of therapy. If Coombs-positwe hemolytic anemia occurs, the cause may be 
methyldopa and the drug should be discontinued. Usually the anemia remits 
promptly. if not, corticosteroids may be given and other causes of anemia should be 
considered. If the hemolytic anemia is related to methyldopa, the drug should not be 
reinstituted. When methyldopa causes Coombs positivity alone or with hemolytic 
anemia, the red cell is usually coated with gamma globulin of the IgG (gamma G) class 
only. The positive Coombs test may not revert to normal until weeks to months after 
methyldopa is stopped. 
Should the need for transfusion arise in a patient receiving methyldopa, both a direct 
and an indirect Coombs test shoulc be performed on his blood. in the absence 
of hemolytic anemia, usually only the direct Coombs test will be positive. A positive 
direct Ceombs test alone will not interfere with typing or cross matching. If the 
indirect Coombs test is also positive, problems may arise in the major cross match 
and the assistance of a hematologist or transfusion expert will be needed. 
Fever has occurred within the first three weeks of therapy, sometimes with 
eosinophilia or abnormalities in one or more liver function tests, such as serum 
alkaline phosphatase, serum transaminases (SGOT, SGPT), bilirubin, cephalin 
cholesterol flocculation, prothrombia time, and bromsulphalein retention. Jaun- 
dice, with or without fever, may occur, with onset usually within the first two to 
three months of therapy. In some patients the findings are consistent with those 
of cholestasis. Rarely fatal hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions, periodic determination of 
hepatic function should be done particularly during the first 6 to 12 weeks of 
therapy cr whenever an unexplained fever occurs. If fever, abnormalities in liver 
function tests, or jaundice appear, stop therapy with methyldopa. if caused by 
methyldopa, the temperature and abnormalities in liver function characteristically 
have reverted to normal when the drug was discontinued. Methyldopa should not 
be reinstituted in such patients. 
Rarely, reversible reduction of white blood cell count with primary effect on 
panulocytes has been seen. Reversible thrombocytopenia has occurred rarely. 
hen used with other antihypertensive drugs, potentiation of antihypertensive 
effect may occur. Follow patients carefully to detect side reactions or unusual 
manifestations of drug idiosyncrasy. 
HYDROCHLOROTHIAZIDE — Use with caution in severe renal disease. In patients 
with renal disease, thiazides may precipitate azotemia. Cumulative effects may 
develop in patients with impaired renal function. Use with caution in patients 
with impaired hepatic function or progressive liver disease, since minor altera- 
tions of fluid and electrolyte balance may precipitate hepatic coma. May add to or 
potentiate action of other antihypertensive drugs; potentiation occurs with 
ganglionic or peripheral adrenergic blocking drugs. Sensitivity reactions may oc- 
cur in patients with or without a histery of allergy or bronchial asthma. Possibility 
of exacerbation or activation of systemic lupus erythematosus has been reported. 
Lithium generally should not be given with diuretics because they reduce its renal 
clearance and add a high risk of lithium toxicity; read circulars for lithium prepa- 
rations before use of such concomitant therapy. 
Pregnancy and Nursing: Use of any drug in women who are or may become preg- 
nant requires that anticipated benefits be weighed against possible risks. 
Methyldopa and thiazides cross the piacental barrier and appear in cord blood. 
No unusual adverse reactions have been reported in association with the use of 
methyldopa during pregnancy Although no obvious teratogenic effects have been 
reported, the possibility of fetal injury cannot be excluded. 
The hazards of thiazides crossing the placental barrier include fetal or neonatal 
jaundice, thrombocytopenia, and possibly other adverse reactions which have oc- 
curred in adults. Methyldopa and thizzides appear in breast milk. Patients taking 
ALDORIL should not nurse. . 
Precautions: METHYLDOPA—Should be used with caution in patients with 
history of previous liver disease or dysfunction (see Warnings). May interfere 





Antihypertensive TABLETS Antihypertensive TABLETS 
ALDORIL®-25 ALDORIL®-15 
methyldopa 250 mg and methyldopa 250 mg and 


hydrochiorothiazide 25 mg — hydrochlorothiazide 15 mg 


with measurement of urinary uric acid by the qup ed method, serum 
creatinine by the alkaline picrate method, and SGOT by colorimetric methods. 
Since methyldopa causes fluorescence in urine samples at the same wavelengths 
as catecholamines, falsely high levels of urinary catecholamines may be reported. 
This will interfere with the diagnosis of pheochromocytoma. It is important to 
recognize this phenomenon before a patient with a possible pheochromocytoma 
is subjected to surgery, Methyldopa is not recommended for patients with 
preochromocytoma. rine exposed to air after voiding may darken because of 
eakdown of methyldopa or its metabolites. Involuntary choreoathetotic move- 
ments have been observed in patients with severe bilateral cerebrovascular dis- 
ease. If such movements occur, stop the drug. Patients may require reduced 
doses of anesthetics; hypotension occurring during anesthesia usually can be 
controlled with vasopressors. Hypertension has recurred after dialysis in patients 
on methyldopa because the drug is removed by this procedure. 
HYDROCHLOROTHIAZIDE — Perform periodic determination of serum electrolytes 
to detect possible electrolyte imbalance. Observe all patients for clinical signs of 
fluid or electrolyte imbalance, namely, hyponatremia, hypochioremic alkalosis, 





and hypokalemia. Serum and urine electrolyte determinations are particularly im- 


portant when patient is vomiting excessively or receiving parenteral fluids. 
edication such as digitalis may also influence serum electrolytes. Warning 
signs, irrespective of cause, are dryness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or cramps, muscular fatigue, hypoten- 
sion, oliguria, tachycardia, end gastrointestinal disturbances such as nausea and 
vomiting. Hypokalemia may develop, especially with brisk diuresis, in severe cir- 
thosis, with concomitant corticosteroids or ACTH, or with inadequate oral 
electrolyte intake. Hypokalemia can sensitize or exaggerate response of heart to 
toxic effects of digitalis (e.g., increased ventricular irritability). Hypokalemia may 
be avoided or treated by use of potassium supplements, such as foods with a 
high potassium content. Any chloride deficit is generaily mild and usually does 
aot require specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in edematous 
patients in hot weather; appropriate therapy is water restriction, rather than adminis- 
tration of salt except in rare instances when the hyponatremia is life threatening. In 
actual salt depletion, approoriate replacement is the therapy of choice. — 
Hyperuricemia may occur or frank gout may be precipitated in certain patients. 
insulin requirements in diabetic patients may be increased, decreased, or 
unchanged; latent diabetes mellitus may become manifest. Thiazides may in- 
crease responsiveness to tubocurarine. Antihypertensive effects of the drug may 
be enhanced in postsympathectomy patients. May decrease arterial responsive- 
ness to norepinephrine; this diminution is not sufficient to preclude effectiveness 
af the pressor agent for therapeutic use. If progressive renal impairment 
becomes evident, consider withholding or discontinuing diuretic therapy. 
Thiazides may decrease serum PBI levels without signs of thyroid disturbance. 
Calcium excretion is decreased by thiazides. Pathological changes in the 
parathyroid glands with hypercalcemia and hypophosphatemia have been ob- 
served in a few patients on prolonged therapy; thiazides should be discontinued 
before testing for parathyroid function. 
Adverse Reactions: METHYLDOPA — Centrat nervous system: Sedation, 
headache, asthenia or weakness; dizziness, lightheadedness, symptoms of 
cerebrovascular insufficiency, paresthesias, parkinsonism, Bell's palsy, decreased 
mental acuity, involuntary choreoathetotic movements; psychic disturbances, in- 
cluding nightmares and reversible mild psychoses or depression. Cardiovascular: 
Bradycardia, aggravation of angina pectoris, Orthostatic hypotension (decrease 
daily dosage). Edema {and weight gain) usually relieved by use of a diuretic. (Dis- 
continue methyldopa if edema progresses or signs af heart failure appear) 
Gastrointestinal: Nausea, vomiting, distention, constipation, flatus, diarrhea, mild 
dryness of mouth, sore or "black" tongue, pancreatitis, sialadenitis. Mepatic: Ab- 
normal liver function tests, jaundice. liver diserders. Hematologic: Positive 
Coombs test, hemolytic anemia. Leukopenia, granulocytopenia, throm- 
bocytopenia. Positive tests fer antinuclear antibody LE cells and rheumatoid fac- 
tor. Allergic: Drug-related fever, lupus-like syndrome, myocarditis. Other: Nasal 
stuffiness, rise in BUN, breast enlargement, pynecomastia, lactation, impotence, 
decreased libido, dermatologic reactions including eczema and lichenoid erup- 
tions, mild arthralgia, myalgia. 
HYDROCHLOROTHIAZIDE — Gastrointestinal system: Anorexia, gastric irritation, 
nausea, vomiting, cramping, diarrhee, constipation, jaundice (intrahepatic 
cholestatic jaundice), pancreatitis. sialadenitis. Central nervous system: Dizziness, 
vertigo, paresthesias, headache, xanthopsia. Hematologic: Leukopenia, 
agranulocytosis, thrombocytepenia, aplastic anemia. Cardiovascular: Orthostatic 
hypotension (may be aggravated by alcohol, barbiturates, or narcotics). Hypersen- 
Stivity: Purpura, photosensitivity, rash, urticaria, necrotizing angiitis (vasculitis) 
{cutaneous vasculitis), fever, respiratory distress including pneumonitis, 
anaphylactic reactions. Other: Hyperglycemia, glyccsuria, hyperuricemia, muscle 
spasm, weakness, restlessness, transient blurred vision. Whenever adverse reac- 
tons are moderate or severe, thiazide desage should be reduced or therapy with- 
Fawn. 
Note: Tolerance may occur, usually between the second and third month of therapy. 
increasing dosage of either component separately or together frequently restores 
effective control. Patients with impaired renal function may respond to smaller 
dases. Syncope in older patients may be related to increased sensitivity and ad- 
vanced arteriosclerotic vascular disease; this may be avoided by lower doses. 
How Supplied: Tablets ALDORIL®-15, containing 250 mg methyldopa and 15 mg 
hydrochiorothiazide, bottles of 100 and 1000; Tablets ALDORIL-25, containing 
250 mg methyldopa and 25 mg hydrochlorothiazide, bottles of 100 and 18Q0; 
Tablets ALDORIL* D30, containing 500 mg methyldopa and 30 mg hydro, - 
chlorothiazide, bottles of 100; Tablets ALDORIL® D50, containing 500 mg 
methyldopa and 50 mg hydrochlorothiazice, bottles of 100. MSD 
Far more detailed information, consult your MSD representative Ie 
ax see full prescribing information, Merck Sharp & . Divi- ERN 
sion of Merck & Co, Ine., West Point, Pa. 19486 JBAROSD?3) Ne 





If people can 
go on diets, - 
SO can pacemakers. 


M 

The way we look at it, if being smaller 
and lighter is good for people, it's good 
for pacemakers. 

Introducing our S 3000. 

The $3000 is the lightest, smallest 
series of pacemakers we have ever offered. 
With a trifling 12mm thickness. And weighing 
in at a trivial 52 grams. 

Of course, its slim size and shape 
should not be the only reason for you to 
consider the Vitatron S 3000. 

Consider, too, the S 3000 pacemaker 
has well-proven reliability in its energy- 
conserving discrete circuitry and the universal 
Dutch connection which accepts virtually all 
leads without adaptors. 

And the fact that the S 3000 is laser 
welded. Exceptional biocompatibility with an 
all-titanium can and epoxyless construction. 

Our new $3000. A combination of 
outstanding economy and proven electronics 
in a small, neat package. 

For complete technical data, write 
itatron Medical b.v., PO. Box 76, 
anaalweg 24, Dieren, The Netherlands. 

n the United States: Vitatron Medical Inc. , 
ne Gateway Center, Newton, MA 02158. 


5) 1979 Vitatron Medical Inc 
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1073 Altered Adrenergic Activity in Coronary Arterial Spasm: Insight into Pochon Based on Study of 
: Coronary Hemodynamics and the Electrocardiogram 


DONALD R. RICCI, ARTHUR E. ORLICK, PAUL R. CIPRIANO, DIANA F. GUTHANER and 
‘DONALD C. HARRISON 


The data in this prospective study of eight patients with. clinical features of Prinzmetal' s variant angina pectoris 
suggest that alterations in the- sympathetic stellate ganglion activity and transient alpha adrenergic receptor 
stimulation can presage the development of coronary arterial spasm in some patients with this condition. During 
spontaneous or provoked attacks -of angina due to. coronary spasm, phentolamine relieved chest pain, reduced: 
coronary vascular resistance; reversed coronary spasm and returned the electrocardiographic pattern to the 
control state. In four patients the administration of the long-acting oral alpha blocking agent phenoxybenzamine 
(20 to 80 mg/day) caused the disappearance of symptoms during a 3 to 12 month follow-up period. 


1080. Variant Angina Pectoris: investigation of Indexes of eyapaltiati: Nervous System Function 


DAVID ROBERTSON, ROSE M. ROBERTSON, ALAN S. NIES, JOHN A. OATES and 
GOTTLEIB C. FRIESINGER 


Although the underlying mechanism remains unknown, coronary arterial vasospasm has been demonstrated in 
.. variant angina with and without myocardial infarction. These investigations of autonomic function in three pa- 
tients do not support the concept of a generalized increase in sympathetic outflow inthis condition. Observa- 
fions in 1,045 spontaneous episodes of S-T segment elevation in the three patients over a total of 72 days of 
continuous electrocardiographic monitoring indicate that the sever ity of vasospastic angina fluctuates markedly 
and spontaneously: Eighty-nine percent of episodes were asymptomatic. Nitroglycerin regularly telieved angina 
-or S-T elevation, or both. Controlled trials of propranolol showed no significant beneticial effect. The variable 
course of variant angina, with spontaneous and long-lasting remissions, necessitates cautious interpretation of 
clinical therapeutic trials. 


4086 Hypertrophic Cardiomyopathy and Transmural Myocardial Infarction Without Significant 
Atherosclerosis of the Extramural Coronary Arteries 





BARRY J. MARON, STEPHEN E. EPSTEIN and WILLIAM C. ROBERTS 


Transmural myocardial infarction in the absence of significant coronary atherosclerosis occurred in 15 percent 
of 82 patients over the age of 10 years who died from hypertrophic cardiomyopathy. These data indicate that 
teansmural infarction is likely to contribute to the clinical deterioration of some patients with hypertrophic cardio- 
rayopathy, feading to ventricular dilatation, progressive fatal cardiac failure and supraventricular arrhythmias. 
None of the seven patients had typical angina pectoris; one had a clinical episode consistent with acute myocar- 
dial infarction. Mural thrombi in the left ventricle occurred in four of the seven patients. Although several possi- 
bilities are considered, the etiology of transmural myocardial infarction in these patients remains unclear. 


Continued on page A15 
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: 1103 Occlusive Disease Confined to the Right Coronary Artery: Clinical aaue Surgical Treatment and 
Long-Term Follow-Up in 124 Patients 


MICHELE A. CODINI, PHILIP W. HASSAN, ROBERT G. HAUSER, MARSHALL D. GOLDIN and JOSEPH 
V. MESSER 


Although the excellent prognosis in patients with single vessel disease, particularly those with isolated right cor- 
onary arterial narrowing usually provides a strong argument against surgery, coronary bypass grafting was per- 
formed for relief of symptoms in 124 patients with isolated right coronary artery disease. The operative mortality 
was 1.6 percent and the 5 year mortality rate 4.0 percent; the incidence of perioperative myocardial infarction 
was 5 percent. Eight patients required reoperation because of recurrence of symptoms, occlusion of the graft 
or progression of occlusive disease of other major coronary arteries, or both. Bypass surgery for isolated right 
coronary artery disease had a low mortality rate and resulted in excellent long-term symptomatic improvement, 
Such surgery appears justified in patients with severe isolated right coronary disease who are highly symptomat- 
ic or who have malignant tachyarrhythmias, or both. 





1109 Revascularization of the Right Coronary Artery 


HILLEL LAKS, GEORGE C. KAISER, J. GERARD MUDD, JOHN HALSTEAD, GLENN. PENNINGTON, 
DENNIS TYRAS, JOHN CODD and HENDRICK B. BARNER 


This comparison: of the proximal arterial lesions in 170 patients with grafts to the right coronary artery and in 71 
patients with an ungrafted right coronary artery showed significant progression of stenosis in 83 percent and 26 
percent, respectively, among vessels with initially less than 50 percent narrowing; progression to total occlusion 
occurred in 28 percent and 3 percent, respectively. Progression to total occlusion was more frequently associ- 
ated with a patent than with an occluded graft and more common in arteries with greater than 70 percent narrow- 
ing. These investigators currently perform coronary bypass grafting in all patients whose right coronary artery 
has a lesion of 50 percent or greater. The high rate of progression of proximal disease and occlusion, once the 
vessel is bypassed, makes the vessel totally dependent on vein graft patency. 


1114 Poststress Redistribution of Thallium-201 in Patients With Coronary Artery Disease, With and Without 
Prior Myocardial Infarction 


MARIO S. VERANI, SATISH JHINGRAN, MOHAMMED ATTAR, ASSAD RIZK, MIGUEL A, QUINONES 
and RICHARD R. MILLER 


Thallium-20 1 myocardial perfusion scintigraphy performed immediately after alércise and 4 to 6 hours after ex- 
ercise in 46 subjects with cororiary artery disease and in 12 normal control subjects showed a considerable 
overlap in redistribution scintigrams in those with coronary artery disease with and without prior infarction. There 
was a high incidence rate of rate-related transient stress-induced hypoperfusion in both infarcted and noninfarct- 
ed myocardium. In addition, resting scintigrams may be needed in many patients because the delayed post exer- 
cise redistribution imaging may not discriminate between myocardial scar and ischemia. An additional important 
finding was that thallium-201 imaging identified transient myocardial hypoperfusion in sites other than the site 
of infarction in 59 percent of the patients with prior infarction. This study also confirms the decreased sensitivity 
of the stress electrocardiogram in identifying ischemia and indicates that postexercise immediate and delayed 
perfusion images are superior in detecting ischemia in the presence of prior myocardial necrosis. 





1123 Infection of Glutaraldehyde-Preserved Porcine Valve Heterografts 


VICTOR J. FERRANS, STEVEN W. BOYCE, MARGARET E. BILLINGHAM, THOMAS L. SPRAY and 
WILLIAM C. ROBERTS s 





Gross, histologic and ultrastructural changes associated with bacterial infection in four glutaraldehyde-preserved ; 
porcine valve heterografts and published reports of 43 other patients with similar infection indicate that the in- 
fection in these valves (1) develops in the fibrin layer covering the cusps, (2) can involve the collagen in the leaf- 

lets, and (3) is uncommonly (3 patients) associated with valve ring abscesses. Such infection has.a high mortality = 
rate, although it is not frequently associated with valve ring abscesses. The single factor most frequently identi- 
fied as predisposing to infection of porcine valve heterografts was opiate addiction (five patients). Valve dys- ^ 
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function occurred in 14 of the infected heterografts. Porcine valve heterografts, probably because of the glutar- 
aldehyde treatment, are less easily destroyed by infection than are native valves, homografts or fascia lata 
valves. : 





EXPERIMENTAL STUDIES 
1137 Effect of Diltiazem, a Calcium Antagonist, on Myocardial Ischemia 
RONALD. WEISHAAR, KOUICHI ASHIKAWA and RICHARD J. BING 























in dogs with experimentally produced myocardial ischemia the administration of diltiazem hydrochloride, a po- 
tent caicium antagonist and a coronary vasodilator, halved the decrease in adenosine-5-triphosphate in the isch- 
emic area, reduced inhibition of anaerobic glycolysis, lowered the tissue levels of lactic acid and free fatty acids, 
improved the contractility of glycerinated heart muscie fibers; but failed to influence mitochoridrial function. 
These results demonstrate that diltiazem can minimize the consequences.of acute myocardial ischemia, but its 
beneficial effects do not extend to all aspects of disturbed myocardial metabolism. 





1144 Reduction of Intimal Thickening in Canine Coronary Bypass Vein Grafts With Dipyridamole and Aspirin 
MICHAEL P. METKE, J. T. LIE, VALENTIN FUSTER, MIGUEL. JOSA and MICHAEL P; KAYE 


` Angiographic and postmortem data indicate that the degree of early intimal thickening that persists 2 to 6 months 
postoperatively in canine coronary bypass vein grafts may be significantly reduced by the platelet inhibitor com- 
bination of dipyridamole plus aspirin. Significant asymmetric intimal thickening was present in seven of nine un- 
treated animals. For the treated group only two of the nine had intimal thickening similar in severity to that of the 
untreated group; the remaining series had only minimal thickening. In view of these results, the design of clinical 
trials to test the protective effects of this drug combination is now fully justified in patients undergoing aortocoro- 
nary bypass surgery. 


1149 Canine Electrophysiology of Encainide, a New Antiarrhythmic Drug 
MAGDI SAMI, JAY W. MASON, GEORGE OH and DONALD C. HARRISON 


Encainide, a new benzanillide derivative, prolongs His-Purkinje system conduction without significantly affecting 
conduction or refractoriness of other parts of the cardiac conduction system in animats. It prolonged the H-V in- 
terval and QRS duration at doses of 0.9 mg/kg and greater without significant changes in sinus cycle length, 
blood pressure or the A-H or Q-Tc interval. Presumably encainide prevents or abolishes reentrant ventricular ar- 
rhythmias by its action of prolonging His-Purkinje system conduction. It should be safe to give with beta adrener- 
gic blocking agents or calcium antagonists but not with quinidine-like drugs, which also prolong the H-V interval 
and QRS duration. 





1155 Effects of Thioridazine (Mellaril) on Ventricular Electrophysiologic Properties 
MYUNG S. YOON, JAOK HAN, GEORGE H. DERSHAM and SUSAN A. JONES 


Electrophysiologic studies with therapeutic.and toxic doses of thioridazine (Mellaril) in 12 anesthesized dogs 
Show its antiarrhythmic and arrhythmogenic effects are dose-dependent. These results confirm the quinidine- 
like action of thioridazine when it is administered in a therapeutic dose (10 mg/kg), but the drüg increased ven- 
tricular vulnerability to arrhythmias when given in a toxic dose (50: mg/kg). Diastolic threshold, effective refracto- 
ry period and conduction time are significantly increased and idioventricular automaticity is suppressed by a 
therapeutic dose of thioridazine. Toxic doses augment these changes. These results confirm the possible life- 
vt threatening cardiac complications of thioridazine and suggest caution in dosage and frequent monitoring of elec- — 
trocardiograms and blood pressure in patients receiving large doses of phenothiazine derivatives. 
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| 1 159 - Multiple Gated Cardiac Blood Pool Imaging for Left Ventricular Ejection Fraction: Validation of the 
Technique and Assessment of Variability 


FRANS J. TH. WACKERS, HARVEY J. BERGER, DAVID E. JOHNSTONE, LEE GOLDMAN, 
LAWRENCE A. REDUTO, RENE A. LANGOU, ALEXANDER GOTTSCHALK, BARRY L. ZARET. With the 
technical assistance of LENNY QUARTARARO and LINDA PYTLIK 


In 83 patients ejection fraction by gated studies correlated well with data from first pass radionuclide angiocardi- 
ography and from contrast angiography. However, differential variability was noted and should be considered in 
interpreting sequential changes in left ventricular ejection fraction. Before being attributed to nonrandom physio- 
logic alterations, the absolute change in ejection fraction should be 10 percent or more in patients with a normal — 
heart and more than 5 percent in patients with an abnormal heart. Smaller changes may be significant in immo- 
bilized patients. Consistent trends of smaller magnitude in large groups of patients also may prove significant. 


1167 Clinical Evaluation of Automated Processing of Electrocardiograms by the Veterans Administration 
Program (AVA 3.4) 


CHRISTIAN R.. BROHET and HAROLD G. RICHMAN 


This clinical evaluation of automated processing of. 1,000 unselected electrocardiograms by. two reviewer 
groups, one familiar with and the other unfamiliar with the computer program, indicates that the diagnostic per- 
formance of the Veterans Administration program is clinically satisfactory but that the degree of physician edu- 

. cation required to achieve acceptance of the program is greater than that. required for most programs utilizing - 
Gonventional criteria. The flexibility of interpretation by statistical decision offers the potential for better diagnos- 
tic accuracy. Further testing of the program will be needed i in other population groups to determine amore gen- 
eral applicability. 


PEDIATRIC CARDIOLOGY 


sus Management of Surgical Complete Atrioventricular Block in Children 


DAVID J. DRISCOLL, PAUL C. GILLETTE, GRADY L. HALLMAN, DENTON: A. COOLEY and 
DAN G. McNAMARA 


Complete atrioventricular (A-V) block, a recognized complication of the intracardiac repair of congenital heart 
defects, may be transient or permanent. in a study of 34 children with this complication complete heart block de- 
veloped within 24 hours of operation in 28 and later than 1 day after operation in 6. Intracardiac electrophysio- 
logic studies in 14 of the 34 children proved important in the: ‘clinical Management of this lesion. Permanent 
pacemaker implantation is indicated if surgically induced complete A-V heart block persists longer than 2 weeks 
postoperatively and if the site of the block is within or below the. bundle of His. 


1181 The Fast-Slow Form of Atrioventricular Nodal Reentrant Tochycárdig in Children 


GRACE S. WOLFF, RUEY J. SUNG, ARTHUR PICKOFF, OTTO L. GARCIA, ROBERT WERBLIN, 
PEDRO L. FERRER, DOLORES TAMER and HENRY GELBAND 


During the electrophysiologic study of two children with resistant ‘supraventricular tachycardia an unusual form 
of atrioventricular nodal entry characterized by a fast pathway for anterograde conduction and a slow pathway 
for retrograde conduction was demonstrated with the use of the ventricular extrastimulus technique. A superior 
axis of the P wave and a P-R/R-P ratio of less than 1 during tachycardia support this fast-slow form of reentrant 
tachycardia and help to distinguish it from a supraventricular tachycardia involving a concealed accessory path- 
way for retrograde (fast) conduction where this ratio exceeds 1. 
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REVIEWS 


1189 Lefi Ventricular Radius to Wall Thickness Ratio 
WILLIAM H. GAASCH 


The data in this review article emphasize the potential clinical utility of the radius/wall thickness ratio of the left 
ventricle in numerous cardiac conditions. For example, the normal ratio (3.0 + 0.7) is found in the physiologic 
cardiac hypertrophy of the trained athlete and in the patient with compensated chronic aortic regurgitation. An 
increased ratio conveys a poor prognosis in patients with chronic aortic regurgitation and in those with conges- 
tive cardiomyopathy. The ratio is decreased in compensated aortic stenosis. However, small measurement er- 
rors, often unavoidable with current methods of measuring left ventricular radius and wall thickness, potentially 
lirnit the extensive use of the ratio in clinical cardiology. 


SEMINAR ON THROMBOSIS 







..1195 Introduction 
JACOB i. HAFT 


1197 Role of Blood Platelets in Coronary Artery Disease 
JACOB |, HAFT 


This review reports on the latest theoretical and experimental bases for the platelet hypothesis in the pathogene- 
sis and complications of coronary artery disease and the current data on the preventive use of antiplatelet drugs 
in patients with coronary disease. Although the indications for the use of these drugs in patients with coronary 
disease have not yet been proved beyond reasonable doubt, the data tend to indicate that antiplatelet aggregat- 
ing drugs exert a beneficial effect. It appears prudent and worthwhile to use the following drugs and dosages 
when an antiplatelet aggregation effect is the aim of therapy: aspirin, 325 mg two to three times daily; sulfinpyra- 
zone, 200 mg four times daily; dipyridamole, 50 mg four times daily; propranolol, 20 mg four times daily. 


pc 31207 Anticoagulation in Myocardial Infarction: Modern Approach to an Old Problem 
WILLIAM H. FRISHMAN and HILLEL S. RIBNER 


This review finds little evidence to support the use of long-term anticoagulation therapy to prevent the risks of 
pulmonary and peripheral emboli in patients after the acute phase of myocardial infarction. Small dose heparin 
therapy provides an excellent alternative to conventional anticoagulation when there is more than a negligible 
risk of hemorrhage, as in patients with severe hypertension, prior gastrointestinal bleeding, carcinoma or ad- 
vanced age. In such patients small dose heparin therapy appears to reduce the incidence of venous. thrombosis 
and probably of pulmonary emboli. Its value in preventing peripheral arterial embolization has not been defined. 
Rational use of anticoagulation therapy in the setting of acute myocardial infarction may save more than 8,000 
lives a year in this country. ] us 5 


_ 1214. New Developments in the Detection and Prevention of Venous Thromboembolism 
ARTHUR A. SASAHARA, G.V.R.K. SHARMA and ALFRED F. PARIS! 


Although Doppler ultrasonic studies and the radioactive fibrinogen leg scan have. been extensively investigated 
as tools for detecting deep vein thrombosis, the more recently introduced procedure of electrical impedance 
plethysmography is gaining acceptance as the single best test for its detection. This test shows thata significant 
number of patients with established deep vein thromboses are asymptomatic (in this series, at least 60 percent). 
in 95 percent of patients with angiographically confirmed pulmonary embolism, results of impedance plethys- 
mography were abnormal. Subcutaneous small dose heparin therapy to prevent venous thrombosis is effective 
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Approximately 30% of patients with docu- 
mented coronary artery disease have false- 
negative stress tests.!.2 Angiography can 


demonstrate clinically significant disease in symp- 


tomatic patients without stress ECG evidence of 
myocardial ischemia...but many physicians do 
not rcutinely refer these patients for cardiac 
catheterization. In such settings, clinicians can 
appreciate the need for a sensitive noninvasive 
diagnostic alternative to angiography. 


Thallium-201 myocardial imaging, performed 
as an adjunct to stress electrocardiography, can 
reliably detect regions of abnormal myocardial 
perfusion. Intravenously injected thallium-201 is 
taken up like potassium and concentrated most 
avidly by normal, well-perfused myocardial cells. 
Ischemic myocardial cells take up proportionally 
less thallium-201— particularly during maximal 
stress, when the differential in perfusion is most 
marked between regions supplied by normal 
coronary arteries and those supplied by stenotic 
vessels. Routinely available nuclear medicine 
imaging equipment can record these regional 
differences in thallium-201 uptake, thus docu- 
menting the presence or absence of stenotic 
disease, even in the face of a nondiagnostic 
stress ECG. 


When angiography is not clearly the next step, 
consider adding thallium-201 imaging to your 
patients' stress ECG procedures. A growing body 
of clinical research and experience has 
demonstrated that the thallium-201 study can: 





Normal thallium-201 myocardial perfusion images 
in a 40-year-old man with exertional chest pain and 
1-mm ST depression on stress ECG. Images read as 
"no significant coronary disease: (LAO images: left, 
immediately postexercise; right, 3 hr postexercise.) 


a detect single-vessel disease in advance of 
measurable electrocardiographic evidence? 

» increase the sensitivity and specificity of the 
stress ECG, particularly in patients where ECG 
findings and symptomatology do not agree 45:6 

a identify those patients with clinically significant 
but ECG-undefined stenotic disease — patients 
who will clearly need angiographic evaluation$ 


Unlike angiography, which displays the static 
anatomic details of the major coronary vessels, 
thestressthallium-201 study directly demonstrates 
regional myocardial blood flow and the cellular 
response to coronary stenosis in a dynamic manner. 
Redistribution of thallium occurs into regions of 
stress-induced reversible ischemia of viable myo- 
cardium, but not into regions of previous scar 
formation. For patients in whom the need for an- 
giography has not clearly been defined, the 
findings of a stress thallium-201 myocardial per- 
fusion study may either rule out significant 
coronary stenosis, or provide a sound clinical basis 
for more invasive diagnostic evaluation.9 


1. Bartel AG et al: Graded exercise stress test in angiographically 
documented coronary artery disease. Circulation 49:348, 1974. 

2. Goldschlager N et al: Treadmill stress tests as indicators of presence 
and severity of coronary artery disease. Ann Intern Med 85:277, 1976. 
3. Bailey IK et al: Thallium-201 myocardial perfusion imaging at rest 
and during exercise. Comparative sensitivity to electrocardiography in 
coronary artery disease. Circulation 55:79, 1977. 

4. Blood DK et al: Comparison of thallium-201 myocardial scans at rest 
with scans four hours after exercise. Circulation 56 (suppl 3):229, 1977. 
5. Raphael LD et al: Thallium exercise myocardial scintigraphy in 
patients with “angina and normal coronary arteriograms" (abs). 
Circulation 53-54 (suppl 2):217, 1976. 

6. Ritchie JL et al: Myocardial imaging with thallium-201 at rest and 
during exercise. Comparison with coronary arteriography and resting 
and stress electrocardiography. Circulation 56:66, 1977. 
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in patients undergoing elective general surgery, is less effective or appropriate in high risk patients undergoing 
hip, urologic or neurosurgicat procedures or in patients with malignancy. For these patients the most recent and 
promising technique is intermittent pneumatic boot compression of the calves, which does not require medica- 
tions that may alter blood coagulation. 
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1225 Neninvasive Visualization of Coronary Arterial Aneurysm in Infants and Young Children With 
Mucocutaneous Lymph Node Syndrome With Two Dimensional Echocardiography 


SATOSHI HIRAISHI, KIMIO YASHIRO and SHOICHI KUSANO 


Arteritis, myocarditis, pericarditis and coronary aneurysms may be found in the mucocutaneous lymph node syn- 
drome, which most frequently affects infants and children less than 5 years of age. These investigators success- 
fully visualized the main coronary arteries using an electronic linear two dimensional echocardiographic tech- 
nique in 30 normal infants and children and in 58 patients with the mucocutaneous lymph node syndrome. In 7 
of these 58 patients with this syndrome, a portion of the left main coronary artery had a fusiform or a spherical 
pattern, or both, and the stem of the right coronary artery also had a spherical pattern in 2 patients. In all-five pa- 
tients who had coronary angiography, this procedure confirmed the: echocardiographic finding of an aneurysm. 
These results confirm that two dimensional echocardiography is a reliable noninvasive method for detecting cor- 
onary arterial aneurysms in infants and young children. 


CASE REPORTS 


1234 Sucking Action of the Left Ventricle: Demonstration of a Physiologic Principle by a Gunshot Wound 
Penetrating Only the Right Side of the Heart 


WILLIAM’ C. ROBERTS, WILLIAM J. BROWNLEE, ANCIL A. JONES and.JAMES L. LUKE 


At necropsy, the left atrial appendage was found inverted and invaginated into the mitral orifice of a man who 
died after.a gunshot wound that entered the right atrium and exited from the right ventricle without entering the 
cardiac septa or the left side of the heart. This evidence suggests that the human left ventricle does have the ca- 
pacity under certain circumstances to create à negative pressure and to suck blood into it from the left atrium. 

Previously reported experiments in animals demonstrating the sucking (negative pressure) action of the left ven- 
tricle during ventricular diastole are also summarized in this report: 


1 238 Fatal Acute Bacterial Myocarditis After Dentoalveolar Abscess 


EDWARD A. PALANK, MODUR L. JANARDHANA and MILTON UTELL 


This unusual case of a 19 year woman with chest pain after a dental extraction for.à dentoalveolar abscess dern- 
onstrates the need to suspect infective myocarditis in young patients who present with clinical signs of myocar- 
dial infarction. Autopsy revealed isolated acute bacterial myocarditis and three distinct organisms in the myocar- 
dium in the absence of endocarditis or a myocardial abscess. These bacteria were believed representative of 
those cultured in the antemortem blood: 
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1242 Hypertrophic Cardiomyopathy: A Discussion of Nomenclature 


BARRY J. MARON and STEPHEN E. EPSTEIN 


Continued on page A26 
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CORRECTION 


The following editorial was inadvertently omitted from the April table of contents: Rosen KM, Bauernfeind RA, 
Wyndham CR, Dhingra RC: Retrograde properties of the fast pathway in patients with paroxysmal atrioventricu- 
lar nodal reentrant tachycardia. Am J Cardiol 43: 863-865, 1979 
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that remains active for 5years 


(nitroglycerin tablets,usp) 


five-year expiration date’ 

o assures that the patient will receive fully potent 
nitroglycerin ready to work within minutes. 

o more stable under all conditions of temperature and 
humidity tested than conventional nitroglycerin tablets. 
o average assay still shows better than 100% of label 
claim 70 months after manufacture. 


%LC) 


AVERAGE ASSAY ( 


MONTHS 
Nitrostat manufactured June, 1972 Final assay April, 1978 


Nitrostat is available in bottles of 100 and convenience packs of 4 x 25s. 


*Five-year expiration date, data on file. Parke-Davis 


PARKE-DAVIS 
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"Alpromise no ott 
IABP will make: \ 


ghi oo : 


We uncrate it for you, 
install it and see that 
its operating correctly. 


It takes special training even to un- 
crate the Roche AVCO Intra-Aortic 
Balloon Pump correctly. That's why 
we insist on doing it for you! After 
uncrating, after installation, after 
checkout...your warranty begins. 
Most other companies leave you 
on your own. 


The Roche AVCO IABP has 
a warranty for a full year. 


In addition, service is available for as 

long as you use it. Specially trained 

field service technicians are avail- 
able 24 hours a day, 7 days a week. 


Only Roche E" YOu 
all this wiih 
Infra-A 


We train your personnel 
in its use, now and 
in the future. 


Our cardiovascular training special- 
ists come to your hospital at a desig- 
nated date at no charge to you and 
instruct your personnel in a formal 
training program: You support your 
patients better, because we support 
you better. Furthermore, within six 
months we will send our cardiovas- 
cular training specialist to participate 
in your first use of the Roche AVCO 
IABP, or conduct a refresher course 
for trained personnel or train new 
personnel in your hospital. Additional 
training courses are available in all 
parts of the country, and special 
sessions can be scheduled as you 
feel necessary for as long as you own 
the equipment. No other company 
we know of works so hard to help 
you help your patients. 


Can you afford to con ; 
any other IABP? 


^ £f Roche Medical Electronics Inc. 
/ Cranbury, NewJersey 08512 
Gentlemen, C) Please have a representative call to set up an 


intment to demonstrate the Roche AVCO TAB 
D Please send additional literature 





The featured product in this photograph is the Quinton 
Model 623 ECG Monitoring System. It is designed to enable 
a physician or clinic to start a moderately sophisticated 
stress test program at a reasonable cost. The 623 offers a 
basic two-channel, seven-lead unit with features such as a 
two-channel monitoring scope, dual-channel recorder, push- 
button lead selection, heartrate meter, patient isolation sys- 
tem, defibrillator protection and complete system calibration. 
Interfacing with the 623 is a family of optional equipment 
designed to provide additional test capabilities. This equip- 
ment can be added economically, as needed, component by 
component. These options include the Quinton treadmill 
programmer and the ECG data computer which records and 
displays four separate S-T functions. 


The 623 and other members of the Quinton family of 
exercise electronics are complimented by the world’s finest 
treadmill. Quinton led the way with the first — and still most 
popular treadmill — engineered to meet the specific needs 
of cardio-pulmonary function testing. The challenge of leader- 
ship in the treadmill field led naturally to the development of a 
family of quality stress test electronics to provide the medical 
field with the total system it needed. 


So — if you're looking at stress test systems, look to the 
leader! Quinton can help you develop a total system, integrat- 
ing exercise and electronics equipment precisely to your 
needs today — with the capability to grow for tomorrow. We'll 
show you why you can't beat the system! 


uinton exercise electronics 
grow with your system 














INSTRUMENT COMPANY 
2121 Terry Ave./Dept. E-2-B/Seattle, WA 98121/(206) 223-7373/Toll Free 1-800-426-0538/Telex 32-8840 79-3 
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Medtronic Unfolds 








ledtronic’s new Byrel™ implantable pacemaker 


psigned for A-V sequential pacing. 





Both temporary and permanent A-V 
sequential pacing are likely to see more 
frequent applications because of two 
new products recently developed by 
Medtronic, Inc., Minneapolis, Minn. 
These products are the Byrel™ implant- 
able A-V sequential pacemaker and the 
Model 5330 external A-V sequential 
pacemaker. 

Interest in A-V pacing is growing be- 
cause of this pacing mode's potential 
for both improving cardiac output and 
for control of certain tachyarrhythmias. 

Restoration of A-V synchrony can im- 
prove cardiac output by providing 
regular atrial filling of the ventricles and 
by providing more normal valve func- 
tion in some patients. 

It may also prevent retrograde pump- 
ing by theatria and increase the effi- 
ciency of myocardial oxygen use (when 
compared to ventricular pacing). 

A-V sequential pacing will also pre- 
vent most forms of retrograde atrial 
stimulation and bradycardia. 

Controlled A-V synchrony provides a 
method for management of certain 
tachyarrhythmias preventing the long 
PR intervals necessary for some of the 
re-entry tachyarrhythmias. Of course, it 
can also prevent atrial bradycardia in 
brady-tachy syndrome and drug-in- 
duced bradycardia. A-V sequential 
pacing can also overdrive ventricular 
arrhythmias while providing the bene- 


A-V SEQUENTIAL continued on page 2 


yrel" and Xyrel-VP Pacemakers Earn 99.9% Performance Rating 


edtronic's Xyrel® and Xyrel®-VP 
cemakers are daily setting new reli- 
ility records at Medtronic, earning a 
rformance index of 99.9%. That 
pans that 99.9% of these products can 
expected to perform within specifica- 
n over the next six-month period. 
O- date, nearly 73,000 Xyrel® pace- 
kers have been sold in the U.S.—ac- 

ulating in the past three years 
arly three-quarters of a million im- 
nt device months. 
et, the number of units verified to be 

of specification when returned to 


Medtronic is extremely low— only 18 
actual "out of spec" units have been ob- 
served by Medtronic technicians. Thus, 
the current performance index for both 
qu and the Xyrel* -VP units is 


The Medtronic Performance Index is 
& patient management tool developed 
by the company to provide up-to-date 
device performance information for the 
physician. Its unique value is that it is 
not diluted by early, historical product 
experience and it covers only presently 
implanted devices. 


Of the total Xyrel® pacemakers sold, 
about 19,000 have consisted of Xyrel*-VP 
ventricular programmable units. Of these, 
only one has been observed to have a 
component failure by Medtronic techni- 
cians. 

The performance index for each indi- 
vidual pacemaker is reported quarterly 
to the physician with Medtronic's Im- 
plant Data Report. Ask your Medtronic 
representative for a brochure giving de- 
tails of the Medtronic Performance 
Index, or send in the coupon following 
Product Information Summary. 


| 
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Spectrax Pacemaker in Clinical 


“>turing 





EDIT 


Periods 


The Spectrax™-SX multi-programmable pulse generator weighs only 45 grams and 


has a volume of 21 cc. 


A-V SEQUENTIAL continued 


fits of improved cardiac output. 

Making these benefits available to the 
physician and his patient are Med- 
tronics A-V sequential pacing products. 
Leading off is the new Byrel™ a pro- 
grammable, lithium-powered, ventricu- 
lar-inhibited device with seven A-V pro- 
grams and one ventricular-inhibited 
mode (atrial unit shut-down). 

The Byrel™ has many of the perform- 
ance features of other Medtronic pulse 
generators, including a lithium power 





Model 5330 external pacemaker 
for atrial, ventricular or A-V sequential 
pacing. 


A Mectronic 


Helping you help 
the pacemaker patient 


source, titanium external covering, her- 
metically sealed hybrid electronics and 
more. Of course, both atrial and ven- 
tricular leads are required. 

A companion to the Byrel™ is Medtronic's 
new 5330 external pacemaker designed 
for temporary atrial, ventricular or A-V 
sequential pacing. 

In addition to its use in temporary pac- 
ing and diagnostic applications, you can 
also measure atrial or ventricular cur- 
rent stimulation thresholds with the 
5330. It can also approximate R-Wave 
potentials sensed via ventricular pacing 





Implantable atrial pacing leads. 
Theunit with the short electrode spacing 
(6992A) is designed for A-V sequen- 
tial pacing. 


FOR FURTHER INFORMATION 
SEND IN COUPON AT RIGHT. 


The new Spectrax™-SX multi-prograrm 
mable pacemaker is now undergoint 
clinical evaluation. The first implant wa: 
performed on a 44-year-old man ir 
Miami, Fla., in November, 1978. The in 
vestigation has been expanded to othe 
centers across the country. 

"Whenever a new pacing product is beint 
developed, it creates interest in the medica 
community; says Spectrax™ marketing man 
ager, Dennis Sellke. "But, Medtronic’: 
Spectrax™ pacemaker, because of the flex 
ibility built into its programmable modes an 
functions, has generated early and unusuall' 
high excitement. The Spectrax™ pacemake 
represents significant and important techno 
logical progress in pacing; Sellke says. 

Using the most modern micro-proces 
sor technology, the Spectrax™-SX pace 
maker will offer the physician atrial o 
ventricular asynchronous, atrial or ven 
tricular inhibited, and atrial or ventricu 
lar triggered modes. This pacemaker’: 
several programmable parameters in 
clude pacing rate (30 to 150 beats pe 
minute), pulse width (.05 to 2.0 msec) 
amplitude, sensitivity, refractory anc 
hysteresis. 





lead electrodes. 

Amplitude of atrial and ventricula 
output pulses is set separately by indi 
vidual controls. You can also adjus 
ventricular sensitivity, ventricular rate 
and A-V interval. 


LEADS 
Atrial pacing requires leads designet 
to deal effectively with the insertion ant 
dislodgement problems of atrial place 
ment. Three J-shaped leads (Model 
6990 bipolar, 6991 unipolar and 6994 b 
polar) facilitate placement and stabl 
electrode placement in the right atri 
appendage. Two coronary sinus bipol 
endocardial leads(Models 6992 an: 
69924) are designed for placement i 
the coronary sinus for permanent atri 
pacing and sensing applications. T 
electrode configuration of the 6992 
6990 and 6994 is specifically design 
for enhancement of A-V sequential pacin 

Medtronic also provides a tempora 
disposable bipolar lead (Temptron 
Model 6705). It features a needle/intr 
ducer designed for easier handling d 
ing venous introduction. Its "push b 
ton; detachable connector permi 
complete removal of the percutaneo 
introducer cannula. This lead has be 
used for atrial pacing from the coron 
sinus and ventricular pacing from t 
right ventricular apex. 

Since A-V sequential pacing does n 
depend on a functional A-V conducti 
system, there are no major contraindi 
tions to this mode of therapy. 






















MEDTRONIC * PRODUCT INFORMATION SUMMARY 
Medtronic® External Pacing Products 


intended Use— The Model 5330 external pulse generator is intended for 
use with pacing lead systems for temporary cardiac pacing where such 
procedures are indicated for therapeutic, prophylactic or diagnostic pur- 
poses. The Model 5330 may be used for temporary atrial, ventricular or 
A-V sequential pacing ; $ . . 
Contraindications —Atria! pacing should be used only in patients with 
intact A-V conduction systems. The existence of anomalous conduction 
pathways bypassing normal A-V conduction is a potential contraindica- 
tion for atriakstimulation. in the A-V sequential pacing mode, use of the 
Model 5330 with certain implanted lead systems may be contraindicated. 
See the 5338 technical manual for more information 
Warnings — Ait electrical equipment that is used invasively or attached to 
—& pacing lead system increases the patient's chances of exposure to 
“potentially hazardous leakage currents. For complete information on the 
quality and degree of such exposure, consult the technical literature sup- 
lied with each product. . . 
Cautions—All man-made devices are subject to malfunction. Appro- 
priate stancby equipment should be immediately available when 
temporary pacing is employed. ; . 
Potential Complications Major potential complications related 
to temporary pacing are asystole following abrupt cessation of pacing 
and lead-system-related problems. Atrial stimulation carries, in addition, 
the potentia: complicetion of accidental high-rate ventricular stimulation 
possibly resulting in ventricular tachycardia or fibrillation. 


Medtronic* Implantable Pulse Generators 
intended Uses—Ventricular pacing using an implantable ventricular 
pulse generator and lead system are for long-term therapeutic control of 
heart rate ia patients with impulse formation or conduction disorders 
leading to bradyarrhythmias. tachyarrhythmias and heart block {see 
productiabeling for detailed list of intended uses). Anatrial pulse 
generator is for long-term therapeutic control of heart rate in patients 
with impulse formation disorders but with intact, functioning A-V con- 
duction. systems. Cardiac pacing using an implantable A-V sequential 
pulse generator is for long-term therapeutic control of heart rate 
in patients where restoration of A-V synchrony is indicated to improve 
cardiac outout or to protect against arrhythmias related to sequence of 
cardiac impulse propagation. 
Contraindications — There are no known contraindications to the use of 
pacing as a therapeutic modality for the control of heart rate in patients 
with normaiconduction systems. In certain patients with anomalies of the 
E conduction system [WPW syndrome and related conditions). patients 
HO may be benefited or harmed by cardiac pacing. Therefore. electrophys- 
: iologic studies are required prior to therapeutic application of pacing. In 
iot addition, the patient's age and medical condition may dictate the 
particularpacing system and implantation procedure used by the 
physician 
Warnings —Diathermy should not be used on patients with pacemakers 
because oí possible heat damage to electronic components. Electro- 
surgical units should never be used in the vicinity of unipolar pulse 
generators or. bipolar pulse generators implanted in the unipolar mode 
because of danger of introducing fibrillatory currents into the heart via 
the imptanted pulse generator/lead. Pulse generators may be damaged 
by defibrillatory discharges if the paddles are placed over the implanted 
pulse generator. 
Precautiors— The physician should be aware that all pulse generators 
will ultimately cease to function due to cell depletion end may fail at any 
time due to random component or battery failures which cannot be 
predicted prior to failure. Also, that the pacing system may cease to 
function atany time due to lead-related probtems such as displacement, 
fracture, fibrotic tissue formation, elevated thresholds and medical com- 
plications,-and that proper operation may be affected by electrical inter- 
ference frem certain electrical equipment. 
Side Effects—-Body rejection phenomena. including local tissue reac- 
tion, muscie and nerve stimulation, infection, erosion cf pulse generator/ 
lead through skin, transvenous lead-related thrombosis, embolism and 
cardiac tamponade 


Medtronic" Implantable Pacing Leads and Accessories 


“intended Use —Medtronic* implantable pacing leads are designed tobe 
< used with Medtronic? pulse generators as part of a cardiac pacing system 
z {see product labeling for specific directions regarding applications}, 
Contraindications — Endocardial pacing teads are contraindicated in the 
if presence of tricuspid valvular disease. 
e Warnings — An implanted léad or lead/adaptor combination constitutes a 
- direct, low resistance current path to the myocardium. During the con- 
nection and testing procedures. only battery-powered pulse generators 
should be used with the lead system to protect against ventricular fibril- 
lation induced by alternating current leakage. Extreme caution must be 
taken to property ground ail line-powered equipment used inthe vicinity. 
of ine patent. Lead adaptors, lead extenders and repair kits should not 
be used i*the integrity of the lead is in doubt. 
Precautions—The pacing system may cease to function due to lead- 
related problems such as displacement, fracture, fibrotic tissue forma- 
tion and elevated thresholds. 
Side EHects — Body rejection phenomena, infection, erosion or migra- 
tion through body tissue, transvenous lead-related thrombosis, 
embolism. 
How Supplied — Medtronic* permanent implantable leads and acces- 
sories are supplied sterilized and. in most cases, individually packaged. 















I would like more information on: 
L1 A-V sequential pacing [3 Other 
products 
[1 Xyret*-VP Performance 
CJ The Mirel™ Pulse 
Generator 


Name 
Specialty 
Address 
City State Zip 


Send this coupon to Medtronic, Inc., P.O. Box 1453, 
Minneapolis, MN 55440 
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a new publication . . . 
for every professional with an 
interest in Exercise and the Heart 


EXERCISE 
in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD. Chief Coronary Care Unit, 
Univ. of Calif. School ot Medicine 
Jack H. Wilmore, PhD, Professor and Head Dept 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MO. Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, LLUS. 


Just published, this comprehensive work covers every aspect of 
exercise and its role in Diagnosis, Treatment, and Prevention of 
cardiac disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 

Speciai attention is given to such subjects as: 

© Present status of exercise testing and training in terms of 

physiological bases and clinical applications 

C Nuclear cardiology 

© Computer analysis of the exercise ECG 
O Stress myocardial scintigraphy 

2 Various interpretations of exercise tests in the asymptomatic 

population 

The editors have brought together a distinguished group of 

Specialists—all of whom have made major contributions to the 
fieid. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to look at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to look it over before buying it. 

Send for your copy of Exercise in Cardiovascular Health and 

Disease today. Then use it for 30 days without risk. 


Á 
Yorke Medical Books A3C-6/79 


868 FIFTH AVE., 
NEW YORK, N.Y. 10019 


Please send me a copy of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE for 30 days free examination and use. if | decide to keep it, 
your invoice will be honored ($33.00 plus shipping cost). Otherwise, the 
book will be returned for full credit or refund. 

a Full payment enclosed, publisher absorbs shipping cost 

© Send invoice (U.S. and Canadá only) 


iCountries outside Western Hencsphere prepay i6 L.S. funds and add $5 to price 
New York residents add appicanie sales tax 
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In the course of cardiac edema 
a patient may need more 
than the usual 40 mg dose of 
Lasix.® It is for this patient 
that we formulated the new 
Lasix 80 mg tablet. 





impaired renal function—asseciated with the 
more severe degrees of congestive heart 
failure—can greatly reduce the effectiveness 
of diuretic therapy. What is often required to 
provide effective saluresis for such patients is 
a loop diuretic. 
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Lasix Tablets Prescribing Guide Usual adult 
daily dose: 20 to 80 mg given in morning. Dos- 
age may be increased by increments of 20 to 40 
mg not sooner than 6 to 8 hours after previous 
dose. May be carefully titrated up to 600 
mg/day in severe clinical edema patients. 








The new Lasix 80 mc provides a convenient Therapy should be individualized according to 
dosage unit to achieve the necessary saluresis. Patient response. As with any diuretic, electro- 
And, it offers greater patient compliance and lyte depletion can occur during therapy with 
can result in significant savings. furosemide. When doses exceeding 80 mg/day 
k are given for prolonged periods, careful 
clinical and laboratory observations are 
recommended. 
Please consult brief summary of prescribing 
information below. 
Losix® (furosemide) ductive studies have shown thot furosamide — thot moy precipitate hepatic coma. Supple in which irreversible hearing impairment ot- 


A brief summary of tne Prescribing Informa- 
tion for Lasix (furosemide) Tablets 20, 40 
ond 80 mg i 


Warning: Lasix (furosemide) is a potent 
diuretic which, if given in excessive 
amounts, can lead to a profound diuresis 
with water and elgcwolyte depietion. There- 


tore, careful medica: supervision is required. 


and dose and dose schedule have to be 
adjusted to the individual patient's needs. 


indications: Edemo associated with congas- 
five heart failure, cirrhosis of the liver, ond 
renal disease, including the nephrotic syn- 
drome, Hypertension when used clone or in 
combination with offer antihypertensive 
drugs; patients not adequately cantrofied 
with thiozides aiso probably wifi not be 
odequotely controlled with furosemide alone 


Contraindications: Because animal repro- 


may cause fetal abnormalities, The drug is 
contraindicated in women of childbeasng 
potential. Anuria. History of hypersensitivity 
fo the compound. 

Warnings: Excessive diuresis may result in 
dehydration ond reduction in blood volume, 
with circulatory collapse and with the 
possibility of vascular thrombosis ond em- 
bolism, particularly in elderly patients Ex- 
cessive loss of potassium in patients rezeiv- 
ing digitalis glycosides mcy precipitate dig - 
italis toxicity. Exercise care in patients re- 
ceiving potassium-depleting steroids. Per- 
form frequent serum electrolyte, CO2 ard 
BUN determinations during first few months 
of therapy and periodically thereafter. ard 
correct abnormalities or temporarily withdraw 
the drug. initial therapy of potients with Be- 
palic cirrhosis and ascifes :s bes! camee aut in 
the hospita! Closely observe cholic patients 
for sudden fluid and electrciyte imbalonees 


mental poicssium chioride and. 1f required, 
an gidosterone antagonist are heiptutin pre- 
venting hypokalemia ane metabelic ai- 
kolosis. Discontinue furosemide # increasing 
azotemio and ofíguria occur during treatment 
of severe, progressive renal disease Observe 
patients regularly for possible bicod dys- 
crasias, ver damage, orother diosyncrotic 
reactions Patents with known sulfonamide 
sensitivity moy show alerge reachons 
Furosemide moy potentiaie the therapeutic et- 
fect of other antihypertensive agests. Potent- 
ation occurs with ganglionic or peripheral ad- 
renergic blocking drugs. Exacerbation or ac- 
tivotion of systemic iupus-erythereütosus 
moy occur. Furosemide appears in breast 
milk. If use of the drug is essential the po- 
tient shouid stop nursing Cases of tinnitus 
and reversibie hearing impcirmer hove been 
reported 

There have aiso been same reports of cases 


curred. Usually ofotaxicrty nos been reported 
when furosemide was injected rapidly in pa- 
ents with severe impairment of renal fune- 
tion ot doses exceeding several times the 
usual commended dose and in whom 
other drugs known to be ototoxic were given 
if the physician elects fo use high-dose por- 
enteral therapy in patients with severely imi- 
paired renal functon, controlled intravenous 
infusion is advisable. (For adults. an infusion 
rate not exceeding 4mqg furosemide per 
minute has been used ) 

Precautions: As with any effective diuretic. 
electrolyte depletion may occur, especially n , 
patients receiving higher doses and a te- 
stricted salt intake. Patients receiving furo- 
semide should be observed for clinical signs 
of fluid or electrolyte imbalonce, namely, 
hyponatremia, hypochiorenic alkalosis, and 
hypokciemia. Serum and urine electrolyte de- 


terminations are particularly important when x 








BECAUSE IN CARDIAC EDEMA... 
THERE IS A POINT AT WHICH A GOOD DRUG 
BECOMES AN INVALUABLE ONE. 


the patient is vomiting excessive tained. Reversible elevations of BUN may be 
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Adverse Reactions: Anorexia, oral and gas 
miting, cramping 
aundi ntrahe 
itis, dizziness, ver 





tric irritation, nausea, vo: 








tic jaundice), pan 


igo, paresthesias, he 


blurred vision, fin 






che, xanthopsia 
d hearing loss 

anemia, leukopenia, agranulocytosis (rare 
thrombocytopenia, aplastic anemia (rare 
purpura, photosensifivity, rash, urticaria 

necrotizing angiitis (vasculitis, cutaneous 
vasculitis), exfoliative dermatitis, erythem 
multiforme, pruritus. Orthostatic hypotension 
may occur and may be exaggerated by aico 
hol, barbiturates cs. Other adverse 
reactions include hyperglycemia, glycosuria 
hyperuricemia, muscle spasm, weakness, 

restlessness, urinary bladder spasm, throm 
bophlebitis 17 
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THE NEW LASIX furosemide) 
80 MG TABLET 


For convenience, 
compliance, economy. 


Brings you up-to-date 
on basic research 
and clinical progress fie 
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Congestive Heart Failure 


Mechanisms, Evaluation and Treatment 
Dean T. Mason, M.D. 






This rare treatment of such a multifaceted subject provides an unusual op- 
portunity for the busy clinician to add to his knowledge in a minimum 
amount of time. Any area of immediate interest can be rapidly located and 
as much data as needed can be quickly extracted. The concentration on 
improved clinical management will be appreciated by every internist, card- 
iologist, generalist, and any professional involved in cardiovascular 
medicine. 


Dean Mason, President of the American College of Cardiology, has or- 
ganized this monograph within the three areas relevant to an understanding 
of congestive heart failure: mechanisms. evaluation and treatment. Fifty-six 
recognized authorities have been assembled by Dr. Mason, each contrib- 
uting their expertise to make this book the foremost text covering the highly 
important and common disorders of abnormal heart function 


This presentation of recent advances in basic research and clinical 
progress has been highly acclaimed for its major contribution to the im- 
provement of patient care. We invite yeu to see if you don't agree. Order 
and take 30 days to look over the book. If you're not totally satisfied, return 
it. 


About the author ... Dean T. Mason, M.D. 

Professor of Medicine, Professor Physiology, Chief of Cardiovascular Medicine, 
University of California, School of Medicine, Davis. 

President, American College of Cardiology; President, Western Society for Clinical 
Research. 

Member of the American Board of Internal Medicine Cardiovascular Diseases 

Has authored more than 400 original articles on cardiovascular science and clinical 
cardiology. 
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better cardiac catheter, - 
starts with a built-in tip. 


As you can see, the Extracorporeal 
tip is smooth, tapered, unruffled, 
suture free, no wider than the 
catheter itself. The benefits are 
built-in: 

* The introducer is the same size as 
the catheter.* Not larger. This 
means a smaller insertion hole 
and less likelihood of trauma and 
intimal damage. And it simplifies 
introducer selection. 

* Less blood is lost. Because the 
introducer is smaller and because 
the catheter fits it snugly the entire 
length of the catheter. 

* Our tapered tip has a larger 
lumen which reduces the likeli- 
hood qf clotting and makes it 
easier to introduce drugs and 
dyes. 

* A smaller diameter catheter may 
be used, because a larger lumen 


also produces pressure measure- 
ments of a fidelity that can usual! 


be matched only by a larger- 
diameter competitive catheter. 

* The tip is suture-free, eliminoting 
clotting caused by the sutures’ 
irregular surface. 


Beyond the tip, a host 

of other benefits. 

* Inflation is more convenient 
because every Extracorporeal 
balloon catheter is packaged 
with an appropriately sized 
syringe. 

* Pure plotinum electrodes for 
better electrical characteristics. 
Blood may alter the conductivity 
properties of stainless steel and 
cause inferior readings. That's 
why our balloon pacing catheters 
employ only inert platinum for 
electrodes. 

* High pressure tubing used in our 
Berman angiographic catheters 
permits higher pressures to be 
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The Extracorporeal built-in tip, 
balloon deflated. 


Other manufacturer's built-on ae 
tip, balloon deflated. 


when drugs or dye must be injected. 

* More sizes available. Especially in 
Berman angiographic and wedge 

: pressure models. And we can 
supply custom catheters, too. 

* Even our package works hard 
for you. Each catheter comes in its 
Own sterile peel-pack that stores 
easily and has a fold down tab 
for quick identification. ; 

* Our new brochure has all the 
facts. Just let us know where you 
are and we'll send you one. Call 
your Extracorporeal representa- 
tive, or write or call us toll free: 
800-523-1740. 


*With one small exception—the Extracorporeal 4F 


size uses a 4-1/2 size introducer. 


Extracorporeal Medical Specialties, Inc 
Royal & Ross Roads, King of Prussia. Pa 19406 USA 215-337-2400 
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Inner-View No. 2 


A continuing educational series in Nuclear Cardiology 


The interview excerpted here was 
conducted with Glen W. Hamilton, 
M.D., Chief, Nuclear Medicine 
Section, Veteran’s Administration 
Hospital, Seattle, Washington. Dr. 
Hamilton is also an Associate Pro- 
fessor of Medicine, University of 
Washington School of Medicine. 


Of the nuclear cardiology studies available in 
clinieal practice today, which are the most dif- 
ficult to interpret? 


. Thallium images are probably the most difficult 


to interpret, and pyrophosphate are probably the 
next. In about 60% of all abnormal studies, the 
abnormality is quite obvious. The remaining 40% 
are quite difficult to read. As the physician gains 
experience, he will be able to read about half of 
those with confidence, but about 20% of all thal- 
lium studies remain difficult to interpret. Ex- 
perienced observers will have legitimate disagree- 
ment as to whether a given study is normal or 
abnormal. 


. Which of these tests are generally the best in the 


assessment of left ventricular function? Is this 
also the best study for assessing wall motion? 


. The multiple gated blood pool study yields the 


greatest clinical information compared to the diffi- 
culty of performing the test and, therefore, is the 
one we use in our clinical practice when we wish 
to assess a patient's ventricular function. The best 
study for assessing wall motion is probably the 
multiple gated study. It is not perfect, in that the 
right ventricle and the left ventricle overlap in 
all but the LAO view...but for most laboratories 
it is the most practical way to assess wall motion. 


What studies would you recommend to a nuclear 
physician or cardiologist beginning nuclear 
cardiology in a community hospital? 

I would recommend two studies: multiple gated 
blood pool studies, and thallium imaging. The 
ventricular function measurements obtained from 
multiple gated studies are useful not only in pa- 
tients who have suspected coronary disease, but 
also in a wide variety of other patients, such as 
people with lung disease. older patients who have 
undetected ventricular dysfunction, or presurgi- 
cal patients. Clearly, this is going to be the larg- 
est volume study, and that's the place where they 
should start. After doing resting ventricular func- 
tion studies, they should progress to thallium 
imaging. Six months from now, there should be 
enough data available on rest/exercise ventricu- 


Q. 


Q. 


lar function studies using multiple gated imaging 
to indicate whether this technique is of general 
usefulness. 


. Which studies are most difficult to perform? 
. Pyrophosphate studies are obviously the simplest 


to perform. The multiple gated blood pool study 
is performed quite simply. However, the equip- 
ment required is not present in every laboratory 
at the present time. Thallium, being a less ideal 
isotope, is probably the most difficult study, in 
terms of the technique required to achieve good 
diagnostic results. 


What may be the single most important use of 
these nuclear cardiology studies in five years? 


. First, I’m confident we will be noninvasively mea- 


suring ventricular function in a wide range of 
patients with various disease states — coronary 
artery disease, cardiomyopathy, chronic lung dis- 
ease, valvular heart disease and many others. We 
will be able to follow these patients, correctly se- 
lect the optimal time for surgical intervention, and 
alter medical therapy so that treatment is optimal. 
There's no question that this will happen. 
Secondly, if these tests turn out to be quite sensi- 
tive for the detection of coronary artery disease 
in its early presymptomatic stages, it may be 
possible to alter that disease by various inter- 
ventions. This cculd become a very important 


national endeavor which could have far-cranging: 


effects on health in this country. 


How widespread do you see these techniques 
becoming? 


. The need for studies of ventricular function will 


be comparable to the need for lung or bone scans. 
I really expect that most existing nuclear medicine 
laboratories, and, generally any hospital of two or 
three hundred beds, will be able to perform ven- 
tricular function studies within the next several 
years. 


For the complete transcript of this interview with 
Dr. Hamilton, write Inner-View, General Electric 
Company, Medical Systems Division, P.O. Box 
414 (Mail Code W-504), Milwaukee, WI 53201. 


General Electric Medical Systems, Milwaukee, 
Toronto, Madrid. 
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s INDICATIONS: — ' ] 
1 Congestive heart failure" Congestive heart failure, all degrees. is the primary indication. The 
increased Cardiac output due to digoxin results in diuresis and general amelioration of the disturbances 
: characteristic 6f right: (venous congestion, edema) and left idyspnea. orthoonea, cardiac asthma) 
heart falne: 
Digoxin, generally. is most effective in "low output" failure and less effective in "high output" 
{bronchopulmonary iasafficiency, infection, hyperthyroidismi heart failure. 
Digoxin should be continued after heart failure is abolished unless some known precipitating 
factor is corrected. 


2. Atrial fibrillation Atrial fibrillat:on, especially when the ventricular rate is elevated. Digoxin 
rapidly reduces veniricular rates and eliminates the pulse deficit. Palpitation. precordial distress or 
weakness are relieved and any concomitant congestive failure ameliorated. Digoxin should be 
continued in doses necessary to maintain the desired ventricular rate and other clinical effects. 
3. Atrial flutter: Digoxin slows the heart and regular sinus rhythm may appear. Frequently the 
flutter is converted: to atrial fibrillation with a slow ventricular rate. Stopping digoxin at this point 
“Maybe fnfiowed bw restoration of sinus rhythm, especially if the flutter was of the paroxysmal 
< types i is preferable, however, to continue digoxin if failure ensues or if atrial flutter is a frequent 
COUCUMenCE o 
4: Paroxysmal atrial tachycardia. Oral digoxin may be used, especially if tha condition is resistant 
.10 lesser measures. Depending or the urgency. a more rapid acting parenteral preparation may 
e- prelerable to titate digitalization, although if heart failure has ensued or paroxysms recur 
frequently, digoxin should be maintained by oral administration. 
c Dion is not incicated in sinus tachycardia unless due to heart failure. 
5. Cardiogenic’ shock: The drug is often employed, especially when the condition is accompanied 
‘by pulmonary edema. Digoxin seems to affect adversely shock due to septicemia from gram- 
negative bacteria, 
CONTRAINDICATIONS: The presence of toxic effects isee ADVERSE REACTIONS section) in- 
| duced by any-digitalis preparation is a contraindication to ail of the glycosides. 
: a i Agy, though sate, does occur. it may not extend to all preparations, and another may be 
fü 
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Ventricular fibrillation. 
WARNINGS: 





Digitalis alone cr with other drugs has been promoted for use in the treatment of Obesity. 
This use of digexin or other digitalis glycosides is unwarranted. Moreover. since they may 
cause potentially fatal arrhythmias or other adverse effects, the use of these drugs in the 
treatment of obesity is dangerous 





Many of the arhytimias for which digoxin is advised closely resemble those reflecting digoxin 
. intoxication, # the possibility of digoxin intoxication cannot be excluded, cardiac glycosides should be 

< temporarily withhele if permitted by the clinical situation. 

' The patient with congestive heart failure may complain of nausea and vomiting. These symptoms 
may also be indications of digoxin intoxication. A clinical determination of the cause of these 
symptoms must be attempted betore further drug administration. 

Patients with renal insufficiency require smaller than usual doses of digoxin. Newborn infants dis- 
play considerable variability in their tolerance to digoxin, depending on their degree of maturity. 

Premature and :mmature infants are particularly sensitive, and dosage must be reduced and 
digitalization should be even more individualized and cautiously approached than in more mature 
infants. impaired renal function must also be carefully taken into consideration. 

Congestive heart failure accompanying acute glomerulonephritis requires extreme care in digitaliza- 
tion. A relatively iow total dose administered in divided doses and concomitant use of anti- 
hypertensive drugs has been recommended. ECG monitoring is essential. Digoxin should be dis- 
Continued as soon as possible. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Unless cardiac failure is severe, it is doubtfui whether digoxin should be employed. 

-Patients with rheumatic carditis, especially when severe, are unusually Sensitive to digoxin and 

fone to disturbances of rhythm. if heart failure develops, digitalization may be initiated with 
eiatwely tow doses; then it can be cautiously increased until a beneficial effect is obtained. If a 
herapeutic ^s dees not result in improvement, the drug should be considered ineffective and be 
liscontinued. 

Note: Digitalis atycosides are an important cause of accidental poisoning in children. 


| PRECAUTIONS: Axial arrhythmias associated with hypermetabolic states are particularly resistant 
FEN he treatment. Care must be taken to avoid digoxin toxicity if digoxin is used to help the 
| armythmia. i 
.-. Digoxin is not mdicated for the treatment of ventricular tachycardia unless congestive heart 
| alure supervenes after a protracted episode not itself due to digoxin. 

^ Petassivm depletion sensitizes the myocardium to digoxin and toxicity may develop even with 
. usual dosage. Hypakalemia may aiso alter the rate of onset and intensity of the positive inotropic 
effect of digoxin. Therefore, it is desirable to maintain normal serum potassium levels in patients 
being treated with digoxin 

Potassium wastage may result from diuretic or corticosteroid therapy, hemodialysis. and from 
| Suction of gastroirtestinal secretions. it may accompany malnutrition, diarrhea, prolonged vomiting, 
old age, and long-standing congestive heart failure. In general. rapid changes in serum potassium or 
other electrolytes ereto be avoided, and intravenous treatment with potassium should be reserved only 
tor special circumstances as described below (see TREATMENT OF ARRHYTHMIAS PRODUCED 
BY OVERDOSAGES section), 

Patients with acute myocardial infarction. severe pulmonary disease, or far advanced heart 
failure may be more sensitive to digoxin and more prone to disturbances of rhythm. 

Calcium affects: contractility and excitability of the heart in a manner similar to that of digoxin. 
Caicium may produze serious arrhythmias in digitalized patients. 

in myxedema, the digoxin requirements are less because excretion rate is decreased and blood 
levels are significantly higher 

in incomplete /-V block, especially in patients subject to Stokes-Adams attacks, advanced or 
Complete heart bleck may develop if digoxin is given. Heart failure in these patients can usually 
be controlled by othe: measures and by increasing the heart rate. 

Patients with chronic constrictive pericarditis may respond untavorably to digoxin. 

Patients with idiopathic hypertrophic subaortic stenosis must be managed extremely carefully. 
Uhless cardiac failure is severe. it is doubtful whether digoxin should be employed. 

Renal insufficiency delays the excretion of digoxin and dosage must be adjusted accordingly in 
patients with rena: disease. Note: This applies also to potassium administration should it become 
necessary. 

Electrical conversion of arrhythmias may require reduction of digoxin dosage. 

Dosage must be carefully titrated and differences in the bioavailability of parenteral preparations, 
elixirs, and tablets should be taken into account when switching patients from one preparation 
po another. 

Electrocardiographic monitoring may be necessary to avoid intoxication. 










Premonitory signs of toxicity in the newborn are undue slowing of the sinus rate. sinoatrial 
arrest, and prolongation of PR interval. 


ADVERSE REACTIONS: 

Gynecomastia: Uncommon. 

Overdese or toxic effects in adults: 

Gastrointestinal Anorexia, nausea, vomiting, diarrhea are the most common early symptoms of 
overdosages in the adult (but rarely conspicuous in infants) Uncontrolled heart failure may also 
produce such symptoms. f 

Central nervous system: Visual disturbances {blurred vision, yellow vision}, headache, weakness, 

athy- 
um disturbances (arrhythmias): Ventricular premature beats are the most common, except 
in infants and young children. Parozysmal and nonparoxysmal nodal rhythms, atrioventricular linter- 
ference} dissociation and paroxysmai atrial tachycardia (PAT; with block are also common arrhythmias 
due tc digoxin overdosage. 

Conduction disturbances: Excessive slowing of the pulse is a clinical sign of digoxin overdosage. 
Atrioventricular block of increasing degree may proceed to complete heart block. Note: The 
electrocardiogram is fundamental in determining the presence and nature of these cardiac toxic 
disturbances. Digoxin may alse induce other changes (as of the ST segment), but these provide no 
measure of the degree of digitalization. 

Overdose or toxic effects in children: : 
Toxic signs differ from the aduit in a number of respects. Cardiac amhythmias are the more 
teliabie and frequent signs of toxicity. 

Vomiting and diarrhea; neurologic and visual disturbances are tare as initial signs. 

Premature ventricular systoles are rarely seen; nodal and atria! systoles are more frequent. 

Atrial arrhythmias. atrial ectopic rhythms, and paroxysmal atrial tachycardia with A-V block 
particularly are more common manifestations of toxicity in children. 

Ventricular arrhythmias are rare. 


TREATMENT OF ARRHYTHMIAS PRODUCED BY OVERDOSAGE: Digoxin should be discontinued 
until al signs of toxicity are abolished. Discontinuation may be ail that is necessary if toxic 
manifestations are not severe and appear after the time for peak effect of the drug. 

Potassium salts are commonly used. Potassium chloride in divided oral doses totaling 4-6 
grams for adults (see PEDIATRIC INFORMATION section for pediatric dosage} may be given 
provided renal function is adequate. 

When correction of the arrhythmia is urgent and the serum potassium level is iow or normal, 
potassium should be administered intravenously in a solution of 5 percent dextrose in water. A total 
of 40-100 milliequivalents (30 milliequivalents per 500 milliliters} is given at the rate of 20 
milliequivalents per hour unless limited by pain due to local irritation. 

Additional amounts may be given if the arrhythmia is uncontrolled and the potassium well 
tolerated. 

Continuous electrocardiographic monitoring should be performed to watch for any evidence of 
potassium toxicity, e.g.. peaking of T waves, and to observe the effect on the arrhythmia so that 
the infusion may be promptly stopped when the desired effect is achieved 


Caution: Potassium should not be used and may be dangerous for severe or complete heart block 
due to digoxin and not related to any tachycardia. 

Other agents that have been approved for the treatment of digoxin intoxication include procainamide, 
lidocaine. and propranolol. 


Pediatric Information: (See adult section for other recommendations for the treatment of arrhythmias 
produced by overdosages and for additional recommendations and cautions regarding the use of 
potassium.) Potassium preparations may be given orally in divided doses totaling 1-1.5 milliequiv- 
alents/kilogram (1 gram K contains 13 4 milliequivalents?, When correction of the arrhythmia is urgent, 
approximately 0.5 milliequivalents/kilogram of potassium per hour may be given. with careful 
electrocardiographic monitoring. as a solution of 20 milliequivalents or less for 500 milliliters in 
5 percent dextrose in water. The total dose should generally not exceed 2 milliequivalents of 
potassium/kilogram. 

DOSAGE AND ADMINISTRATION: Ora! digoxin is administered slowly or rapidly as required until 
the desired therapeutic effect is obtained without symptoms of overdosage. The amount can be 
predicted approximately from the lean body mass of the patient with allowances made for excretion 
during the time taken to induce digitalization. 

Subsequent maintenance dosage is also determined tentatively by the amount necessary to 
Sustain the desired therapeutic effect. 

Recommended dosages are practical average figures that may require considerable modification 
as dictated by individual sensitivity or associated conditions. Diminished renal function is the most 
important factor requiring modification of recommended or average doses. (See WARNINGS and 
PRECAUTIONS sections.) 

The average amount of digoxin that patients must accumulate to be digitalized with digoxin 
tablets is 1.0-1.5 milligrams. Digitalization may be accomplished by any of several approaches that 
vary in dosage and frequency of administration. but reach the same endpoint in terms of total 
amount accumulated. 

in previously undigitalized patients, a single loading dose of 0.5-0.75 milligram orally usually 
produces a detectable effect in 1-2 hours that becomes maximal in 6-8 hours. Additional doses of 
0.25-0.5 milligram may be given cautiously at 6-8 hour intervals to full digitalization. 

in previously undigitatized patients, institution of daily maintenance therapy (0.125-0.5 milligram, 
See next paragraph) without a loading dose results in development of steady-state plateau con- 
centrations in about 7 days in patients with normal renal function. 

The average daily oral maintenance dose is 0.125-0.5 milligram, usually 0.25 milligram. In the 
elderly patient, 0 125-0.25 milligram should be considered the average maintenance dose. 

In patients with renal impairment, digoxin excretion is impaired and serum half-life is prolonged 
Digitalizing and maintenance doses are lower than those recommended for patients with normal renal 
functions. Signs of digoxin toxicity develop sooner in patients with renal impairment, and it takes longer 
for toxic signs and symptoms to disappear. Because of the prolonged half-life, a tonger period of time 
is required to achieve an initial or new steady-state plateau in patients with renal impairment than in 
patients with normal renal function. 

it cannot be overemphasized that the values given are averages and substantial individual variation 
can be expected. 

Children: Digitalization must be individualized. Generally, premature and immature infants are par 
ticuiarly sensitive, requiring reduced dosage that must be determined by careful titration. 

Orai Dosage. Beyond the immediate newborn period, children require proportionally greater doses 
than adults on the basis of body weight or surface area. The recommended oral digitalizing dosages 
in children with normal renal function are: 

Newborn infants (normal), up tc 1 month, require 40-60 micrograms imcg:/kilogram 

Infants, 1 month to 2 years. require approximately 60-80 micrograms (mcgi/kilogram 

Children, 2 years to 10 years, require 40-60 micrograms imegi/ kilogram 

Children, over 10 years of age. require adult dosages in proportion to their body weight 

Maintenance therapy is 20-30 percent of the digitalizing dose administered each day. 

Long term use of digoxin is indicated in almost ail infants who have been digitalized for acute 
congestive heart failure unless the cause is transient. Many favor maintaining digoxin until at least 
2 years of age in all infants with paroxysmal atria! tachycardia or in those who show either definite 
9t latent failure. 

í Many fe with severe inoperable congenital defects need digoxin throughout childhood and 
often for life. 
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To elucidate the pathophysiologic mechanism of coronary arterial spasm, a 
the hypothesis was examined that underlying alterations in sympathetic __ 
activity may account for this syndrome in some patients. Observations 
were directed to alterations in coronary arterial hemodynamics and the 
electrocardiogram. Spasm of the left anterior descending coronary artery 7 
produced a mean increase in coronary vascular resistance of 107 percent — 
(P <0.05) in four patients in whom coronary sinus blood flow was mea- 
sured with the thermodilution technique. The alpha adrenergic blocking 
agent phentolamine, given intravenously, acutely reversed coronary: 
spasm and its clinical. manifestations in eight patients and reduced cor- 
onary resistance. In four patients, administration of the long-acting oral: 
alpha blocking agent. phenoxybenzamine (20 to 80 mg/day) caused 
disappearance of symptoms during a follow-up period of 3 to 12 months. 
Transient prolongation of the corrected Q-T interval preceded spontaneous __ 
or ergonovine ‘maleate-provoked coronary spasm in 11 patients with 
variant angina pectoris, whereas no significant change in the O-T interval 
followed ergonovine administration i in 27 control patients with. atypical 
chest pain who did not have coronary spasm. T wave inversions in th 
resting electrocardiogram were normalized by isoproterenol infusion in 
one patient and by long-term phenoxybenzamine treatment in four patients 
with variant angina pectoris. These Q-T and T wave changes are analo- __ 
gous to those described with unilateral or asymmetric stellate ganglion _ 
stimulation in animals. — E 
These observations suggest that alterations in the sympathetic nervous __ 
system that are consistent with asymmetric stellate ganglion activity and - | 
transient alpha adrenergic receptor stimulation can presage the devel- __ 
opment of coronary arterial spasm in some patients with variant angina 
pectoris. n 









Coronary arterial spasm has been established as a cause of Prinzmetal's- 
variant angina’ both in patients with normal coronary arteries and in : 
those with obstructive coronary arterial lesions.?-15 The pathophysiology. 
of coronary spasm, that is, the mechanism whereby “temporarily i in- 
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. ADRENERGIC ACTIVITY IN CORONARY SPASM—RICCI ET 


- creased tonus"! occurs, must be identified if an effective 
- approach is to be made to the management of patients 
-with Prinzmetal's variant angina. 

Hypotheses to explain coronary spasm include a local 
abnormality of vascular smooth muscle, possibly at the 
"gite of an obstructive lesion, a generalized disorder of 
- metabolic or neural control mechanisms of the coronary 
: circulation, or a combination of these factors. The au- 

tonomic nervous system has received considerable at- 
tention in discussions of the mechanism of coronary 
` spasm. 111246 Qur purpose in this report is to summarize 
the information implicating the autonomic nervous 
System in coronary spasm, to present data that reflect 

o the influence of the autonomic nervous system on the 
+ heart, and to propose the unifying hypothesis that al- 

"terations of the sympathetic nervous system can presage 
the oceurrence of coronary spasm in some patients with 
variant angina pectoris and may be one pathophysio- 
^ logie mechanism responsible for the abnormality in 

coronary blood flow. 


Methods 


-os Patients and procedures: We studied prospectively eight 
"patients who had clinical features of Prinzmetal’s variant 
. "angina pectoris. All had left heart catheterization with ven- 

-triculography and coronary arteriography by the Judkins 
"technique. In five of these patients, we obtained reliable 
measurements of coronary sinus blood flow, which primarily 


reflects flow from thé left coronary system,!’ using the ther- 


- modilution technique of Ganz et al.!® The catheter (Wilton 


5 Webster Laboratories, Altadena, Calif.) was inserted deep into 


the coronary sinus from a left antecubital vein, and precau- 
tions were taken to ensure a stable catheter position within 
the sinus throughout the procedure.!? Although this technique 
-does not permit a valid assessment of absolute flow per unit 
weight of myocardium, and cannot measure regional redis- 


— tribution of flow, it is suitable for measuring the direction and 


magnitude of an acute change in flow in an individual patient. 
= Jir our laboratory, repeat measurements of coronary sinus flow 
- agree to within 4 percent.” Coronary vascular resistance was 
- "calculated by the quotient of mean arterial pressure (deter- 
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mined from the direc: intraarterial pressure tracing as 1/3 


[systolic -- 2x diastolic]?! and coronary sinus flow. 

Provocation and reversal of coronary spasm: At the 
time of study, each patient was experiencing multiple episodes 
of chest pain each day, many of these occurring in the early 
morning hours. No attempt was made to alter the basic 
treatment regimen, except that propranolol was discontinued 
at least 12 hours before study. To six patients who did not have 
chest pain spontaneously during coronary arteriography, and 
whose coronary arterial anatomy did not appear to explain the 
clinical features, we administered ergonovine maleate intra- 
venously in three doses of 0.05, 0.1 and 0.25 mg sequentially 
at 3 minute intervals and monitored blood pressure and 12 
lead electrocardiograms continuously. When chest pain oc- 
curred, we recorded the electrocardiogram and visualized the 
coronary artery corresponding to the electrocardiographic S-T 
segment changes. Immediately thereafter, each patient re- 
ceived phentolamine mesylate, 10 mg intravenously, and 
electrocardiography and selective arteriography were repeated 
within 2 minutes. Each patient gave informed consent for 
coronary sinus blood flow measurement and ergonovine ad- 
ministration in accordance with the requirements of the 
Stanford University Medica! Committee on the Use of Human 
Subjects in Research. Ne major complications occurred during 
the procedures. 

Electrographic recordings: Suitable electrocardiograms 
recorded at 25 mm/sec or 50 mm/sec were available for mea- 
surement of Q-T intervals” before spontaneous or ergono- 
vine-induced spasm in seven of these eight patients, in four 
additional patients who had spasm documented angio- 
graphically after ergonevine administration and in 27 control 
patients with atypical chest pain and normal coronary arteries 
in whom pain, S-T segment changes or coronary spasm could 
not be provoked by ergonovine. Although two patients had 
recurrent serious ventricular arrhythmias during spasm, no 
patient was receiving entiarrhythmic agents or other drugs 
known to alter the Q-T interval at the time of study. Elec- 


troeardiograms recorded during chest pain, spasm, coronary . 


injection or in the presence of S-T segment changes suggestive 
of ischemia were excluded. At least three successive Q-T in- 
tervals were meausred™ from lead II or Vin each patient, and 
the mean Q-T interval was corrected for heart rate and ex- 
pressed as corrected Q-Tc interval (Q-Te), where Q-Tc = the 
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‘Clinical Features at Rest and During Spasm in Eight Patients Studied Prospectively 
Stenosis 
Duration Electrocardiogram in Location ACVR 
Case Age (yr) of Symptoms - At j Control and Magnitude During 
no. & Sex (yr) Rest With Pain Angio of Spasm Spasm 
1 45M 2 Ti VaVe ST! Vi-Vs 8096 LAD LAD 99%, spont 0.22 
2 55F 2 = TiVe-Va ST! Vi-Ve 7096 LAD LAD 99%, erg 0.34 
3 40F 1 TyVo-Vs5 STÍ il, 8096 dist LAD 50% | 
iH, aVF RCA RCA 10094 &S 
4 40M 3 NI sti It, VE ^NI RCA 40% spont 
ili, a 
5 50M 3 TiVz-Ve STi Vi-Ve 30% LAD LAD 100% erg 1.27 
6 49F 1 i ST! ViVe NI LCx 7096 1.64 
RCA 70% erg 
; ; LAD 99%, 
7 39M 1/2 NI STIT, z 20% RCA RCA 70% erg —0.08 
ill, a 
8 58M 1/3 NI STI Vo-Va 50% LAD LAD 100%, erg . 








Angio = coronary angiogram; CVR = coronary vascular resistance (mm Hg/mi per min); dist = distal; erg = ergonovine maleate; LAD = left 
anterior descending coronary artery; LOx = left circumflex coronary artery; NI = normal; RCA = right coronary artery; spont = spontaneous; A 
= change; | = depressed; | = elevated. 
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Q-T interval divided by the square root of the R-R interval 
(Q-T/WR-R). 


Results 


Clinical and angiographic features: Table I sum- 
marizes the clinical features and results of angiography 
for the eight patients studied prospectively. Chest pain 
was most frequent during the early morning hours in all 
patients, and often woke the patients. Sublingual ni- 
troglycerin always provided prompt relief; however, two 
patients required 80 to 100 tablets/week, and another 
patient experienced intolerable flushing. No patient had 
effort-related angina. Resting electrocardiograms 
showed T wave inversion in four patients. S-T segment 
elevation occurred in all patients during pain, although 
in one patient pain was occasionally accompanied by 
S-T depression. This variability of S-T segment re- 
sponse during spasm is now well established.?? The 
electrocardiographic changes were in leads corre- 
sponding to the area supplied by the vessels in which 
spasm developed. The explanation for S-T elevation 
occurring subsequent to vessel narrowing of only 40 
percent during spasm in Patient 4 (Table I) is not 
readily apparent. Possibilities are that the degree of 
narrowing was underestimated by visualization of the 
artery in a single obliquity, or that spasm of arterioles 
(or resistance vessels)?4 was coexistent. The S-T de- 
pression that occurred during a reduction in vessel di- 
ameter of 70 percent (Patient 7) is consistent with 
subtotal occlusion and nontransmural ischemia. Ma- 


CONTROL 


SPASM 


oo 
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lignant ventricular arrhythmias were not a feature of 
the clinical syndrome in any of these eight patients. 

All patients had normal left ventricular end diastolic 
pressure at rest and none had segmental contraction 
abnormalities on ventriculography. Coronary arteri- 
ography showed normal vessels in two patients, fixed 
luminal obstruction of 50 percent or less in three pa- 
tients and obstruction greater than 50 percent in three 
patients. 

Coronary arterial spasm: release by alpha ad- 
renergic blockade: The changes in coronary hemo- 
dynamics during coronary spasm in Patient 5 have been 
presented in detail previously.?? Figure 1 shows repre- 
sentative frames from the angiograms taken during the 
control state, at the peak of spasm and after release of 
spasm by phentolamine in Patients 1 and 2. In the six 
patients given ergonovine maleate, spasm occurred after 
0.05 mg in one, after 0.15 mg in one and after a total of 


0.4 mg in four, and in all reproduced the clinical syn- 


drome. Heart rate changed insignificantly from 75 4 5 
beats/min (mean + standard error of the mean) in the 
control period to 77 + 4 beats/min during coronary 
spasm; the mean arterial pressure increased from 98 + 
7 to 108 + 8 mm Hg (P <0.0025). Changes in heart rate 
and blood pressure were similar for both spontaneous 
and ergonovine-provoked spasm. In the patients with 
spasm of the left coronary system, the mean coronary 
vascular resistance increased 107 percent from 0.74 + 
0.13 to 1.61 + 0.46 mm Hg/ml per min (P «0.05). In 
most instances, pain and S-T elevation preceded in- 


RELEASE 





FIGURE 1. Representative frames from the coronary angiograms of Patients 1 and 2 during the control state and coronary spasm and after phen- 
tolamine-induced release of spasm. The electrocardiogram recorded just before each injection is in the inset. Arrows indicate the site of fixed 
coronary narrowing. The catheter seen in some views is the thermodilution coronary sinus catheter. In Patient 1, complete occlusion occurred 
during spontaneous spasm at the site of an 80 percent obstructive lesion in the left anterior descending coronary artery (LAD), accompanied by 
S-T segment elevation in lead V, to V3. In Patient 2, ergonovine-provoked spasm of the left anterior descending coronary artery occurred distal 
to a 70 percent narrowing, accompanied by S-T elevation in lead V3. In both cases, phentolamine caused complete relief of spasm and return of 


the S-T segment to the baseline value. 
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.sertion of the catheter into the coronary ostium. When 
spasm occurred while the catheter remained in place, 
it occurred distal to the catheter tip, was accompanied 
by pain and S-T segment changes and caused marked 
narrowing or disappearance of distal vessels. These 
features have not accompanied catheter-induced spasm 


-inour laboratory or in those of others.?°.76 


] Phentolamine administration, 10 mg intravenously, 
= caused disappearance of the coronary spasm, S-T ab- 
- normality and angina in less than 2 minutes in seven of 
- eight patients (Fig. 1C), and a reduction in the coronary 
= vascular resistance in the three patients in whom cor- 
“onary sinus flow measurements were repeated. In Pa- 
tient 6, who had the most intense spasm of the group, 
with coronary resistance increasing threefold from 0.81 
to 245 mm Hg/ml per min, the first dose of phen- 
tolamine did not reverse spasm. Pain was reversed 
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FIGURE 3..Q-T, interval during the control state (left), and just before 
spontaneous or ergonovine-provoked spasm (right) in 11 patients with 
variant angina pectoris (clear bars) and before and after ergonovine 
maleate in 27 patients with atypical chest pain (hatched bars) who did 
not have coronary spasm. in the former group, a significant lengthening 
of the Q-T, interval preceded coronary spasm, in the latter group, Q-T. 
interval shortening occurred after ergonovine administration. The dif- 
ference in response between the groups is significant (P < 0.001). n 
= number of patients; NS = not significant; p = probability. 








FIGURE 2. Representative electrocardiographic strips 
recorded at 25 mm/sec and enlarged before (C = control) 
and after ergonovine (E) administration in a patient who 
subsequently had coronary spasm (left panels) and in a 
patient with atypical chest pain (right panels). The R-R 
interval (second) is above each tracing. The measured 
Q-T interval (with the duration delineated by the solid 
horizontal line) is below each.recording; the corrected 
Q-T interval (Q-T, = Q-T measured/ V/R-R) is to the 
left. l 


shortly after simultaneous administration of nitro- 
glycerin, 0.6 mg sublingually, and a repeat dose of 
phentolamine intravenously. This patient had re- 
sponded quiekly and completely to phentolamine given 
during prior episodes of spontaneous spasm and during 
a previous episode of ergonovine-induced spasm. A 
more intense degree of spasm may have been respon- 
sible for the apparent unresponsiveness of phento- 
lamine on one occasion in this patient, and may have 
necessitated a larger initial dose. 

Q-T interval: Figure 2 illustrates typical changes in 
the Q-T interval in a patient from each group. Figure 
3 shows the results of the change in Q-T interval cor- 
rected for heart rate (Q- T.) measured in 11 patients 
with variant angina pectoris and 27 patients with 
atypical chest pain. The mean basal Q- T, interval for 
both groups was the same, 0.43 + 0.01 second. In pa- 
tients who had no coronary spasm, the mean Q- T. in- 
terval shortened 0.01 + 0.01 second after ergonovine 
administration (P «0.025) compared with a Q- T. pro- 
longation of 0.05 + 0.01 second (P <0.001) just before 
spontaneous or ergonovine-provoked spasm in patients 
with variant angina. The difference in response between 
the groups was highly significant (P «0.001 by Student's 
t test for unpaired data). 


Discussion 


Alpha adrenergic mediation of coronary spasm: 
Coronary resistance is influenced in the resting state by 
the alpha adrenergic nervous system.?’ In patients with 
fixed atherosclerotic coronary arterial narrowing, alpha 
adrenergically mediated increases in coronary resistance 
may be a factor in the pathogenesis of angina.” Our 
findings that alpha adrenergic blocking agents can re- 
verse coronary spasm suggest that a pathologic alter- 
ation of the alpha adrenergic system may be the mech- 
anism for spasm in some patients with variant angina 
pectoris. Alpha adrenergic mediation of coronary spasm 
is not a new idea. Yasue et al.1*18 proposed that stim- 
ulation of alpha receptors mediated the spasm provoked 


by subcutaneous injection of epinephrine after beta | 


adrenergic blockade. In one patient, treatment with 
phenoxybenzamine suppressed attacks of variant an- 
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gina. !® Endo et al.!? showed that methacholine injection 
could precipitate coronary spasm in three patients with 
variant angina, and Yasue et al.!9 proposed that meth- 
acholine stimulated the preganglionic cholinergic 
sympathetic fibers to excite alpha adrenergic receptors 
-. acting upon the coronary arteries. Levene and Free- 

man? used phentolamine to reverse spasm during 
coronary artetiography and have reported improvement 
in clinical symptoms in their patient treated with 
phenoxybenzamine. 

Mechanism of phentolamine action and thera- 
peutic application: In our study, phentolamine caused 
relief of chest pain, reduction in coronary vascular re- 
sistance, reversal of coronary spasm and a return of the 
electrocardiogram to the control state. The possibility 
that phentolamine may have acted by blocking the ef- 
fects of increased circulating catecholamines or by direct 
smooth muscle dilation, an effect shown to be promi- 
nent in peripheral circulation,?? cannot be excluded. 
However, we have recently shown that these effects 
account for less than one quarter of the action of 
phentclamine upon coronary vascular resistance in 
man? and therefore are not likely to have played a 
dominant role in this study. 

Because marked reversal of the coronary hemody- 
namic effects of spasm by phentolamine suggested an 
effective antiadrenergic action, we administered the 
long-acting oral alpha blocking agent, phenoxybenza- 
mine, to four patients. (Cases 1, 2, 3 and 5) whose use of 
nitrates was excessive or poorly tolerated. Starting at 
daily doses of 10 mg, and reaching levels of 20 to 80 
mg/day over a period of 2 to 4 weeks, phenoxybenzam- 
ine administration was associated with complete dis- 
appearance or a marked reduction in frequency of chest 
pain, judged by a reduction in nitroglycerin requirement 
to less than five tablets per week, during a follow-up 
period of 3 to 12 months. Malaise accompanied the 
initial therapy in three patients, and its persistence 
necessitated discontinuing therapy in one of these pa- 
. tients. Orthostatic symptoms occurred with therapy, 

-but have been tolerable in all cases. Although limited, 
this experience illustrates that alpha adrenergic 
blockade may be effective in preventing recurrent cor- 
onary spasm in some patients resistant to, suffering side 
effects of or requiring excessive use of nitrate therapy. 
A carefully controlled study will be necessary to confirm 
this observation. Nevertheless, the effectiveness of 
both acutely and chronically administered alpha ad- 
renergic blocking agents in reversing and preventing 
spasm suggests that an alpha adrenergically mediated 
mechanism is operative in the pathogenesis of coronary 
spasm. 

Ergot alkaloids, including ergonovine, have been 
shown to produce effects by excitation of adrenergic 
receptors???! and some produce changes by a centrally 
mediated autonomic action.*? Ergonovine, given to 
patients who do not have coronary spasm, is associated 
with no significant changes in coronary vascular resis- 
tance in spite of an increase in cardiac demand, sug- 
gesting an effect on arteriolar resistance vessels.3? 


ADRENERGIC ACTIVITY IN CORONARY SPASM—RICCI ET AL 





Q-T prolongation as a marker presaging coro- 
nary spasm: Consistent lengthening of the Q-T, in- 
terval just prior to the occurrence of spasm-induced- 
ischemia suggests that this may be a marker for events 
presaging coronary spasm. We cannot explain the dis- 
crepancy of our data with those of Curry et al.,?4^ who 
showed no significant change in the Q-T, interval during 
ergonovine-induced spasm. Recent evidence implicates 
the autonomic nervous system in producing changes in 
the Q-T interval and also in the polarity of the T wave. 
Yanowitz et al.?? showed that unilateral stellate ganglion 
stimulation or stellate ganglionectomy could produce 
T wave inversion or Q- T interval prolongation in dogs. 
Because these electrocardiographic changes are similar 
to those seen in patients with central nervous system 
disease, the authors hypothesized that a unilateral al- - 
teration of sympathetic tone, possibly at the hypotha- 
lamic level, may explain them. The possibility that Q-T; : 
prolongation in our patients represents occult or early 
ischemia is unlikely because S-T segment shifts are 
characteristically the earliest electrocardiographic 
manifestations of ischemia.** Q-T prolongation occurs 
either as a late phenomenon after the onset of ischemia, 





or not at all.5735 Even though regional wall motion — 
disturbances occur within a few beats after acute coro- | 


nary occlusion,?? any resultant local redistribution of 
blood flow does not produce repolarization abnormali- 
ties such as Q-T interval alterations in the conscious dog 
until after S-T segment shifts are well established 
(Kumada T, Ricci DR, Ross J Jr, unpublished obser- 
vations). 

T wave inversions in coronary spasm versus 
“neurogenic” T waves: Daoud et al.” showed that 
isoproterenol infusion normalized the T wave inversions 
in all patients with central nervous system disease but 
did not do so in patients with T wave abnormalities 
attributed to ischemia or pericarditis. Kuo and Su- 
rawiczt! recently extended that observation, showing 
that, in dogs, changes in T wave polarity produced by 
right stellate stimulation or left stellate ganglionectomy 
are reversed by isoproterenol! infusion. 

The T wave inversions noted in the resting electro- 
cardiogram in four of our patients (Table I) were rem- 
iniscent of “neurogenic” T waves. After therapy with 
phenoxybenzamine had resulted in relief of symptoms 
in these patients, the T waves returned to normal. Be- 
fore phenoxybenzamine was administered to Patient 
5, an infusion of isoproterenol, 0.75 ug/min, caused 
prompt normalization of his T waves (Fig. 4). After 3 
weeks of therapy with phenoxybenzamine, coincident 
with marked reduction in the frequency of variant an- 
gina, his T wave inversions normalized. A similar effect 
on resting T wave inversion in response to isoproterenol 
infusion has been observed by one of us (A. E. O.) ina 
patient with variant angina and normal coronary ar- 
teries. Although an ischemic etiology for the T wave 


inversions is possible, no other signs or symptoms of © 


ischemia were manifest in the basal state; there was 
absence of chest pain and S- T segment abnormalities, 
and the left ventriculogram was normal. T wave inver- 
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+> sions on the resting electrocardiogram of patients with 
t; variant angina have been widely reported9/7.10.11,42-45 
and are usually described as "nonspecific" or ischemic 
T wave abnormalities. The response to isoproterenol 
infusion in our patient (Fig. 4) would not be expected 
ina patient with ischemia, '? but would be compatible 
with a “neurogenic” etiology as proposed by Yanowitz?? 
-and by Kuo and Surawicz.*! 
T wave changes and asymmetric adrenergic ex- 
citation: Normalization of the inverted T waves in our 


-.. patients also occurred in association with chronic alpha 


-= blockade with phenoxybenzamine and was coincident 
"with improvement of their symptoms. These data and 
the prolongation of the Q- T interval noted to occur 
before signs or symptoms of ischemia occurred in re- 
sponse to spontaneous or ergonovine maleate-provoked 
spasm appear to be clinically analogous to the effects 
of unilateral or asymmetric stellate ganglion activity 
produced in experimental models.?54146 In the exper- 
imental studies, changes in the surface electrocardio- 

gram may be explained by alterations in the monophasic 

- action potentials on the anterior wall of the ventricle 

(compared with the posterior wall) produced by asym- 

metric adrenergic excitation, whereas isoproterenol 

produces unequal changes of the monophasic action 
potential on the anterior and posterior walls, restoring 
the normal relation between their durations.*146 Alpha 
adrenergic blockade may produce effects on the 
monophasic action potentials by antagonizing the ad- 











FIGURE 4. Patient 5. Representa- 
tive lead V5 tracings at control (A), 
during 4 minutes of isoproterenol” 
infusion (0.75 ug/min) (B) and for 4 
minutes after discontinuation of the 
infusion (C). Also shown are the 
heart rate (HR) in beats/min, blood 
pressure (BP) in mm Hg (indirect 
brachial arterial pressure measured 
with a mercury sphygrnomanome- 
ter} and Q-T interval in seconds 
measured from lead iil (QT),). After 
a slight deeper inversion of the T 
wave initially, the polarity gradually 
reversed during isoproterenol infu- 
sion and returned to the baseline 
configuration within 4 minutes after 
the infusion was discontinued. 


renergic neurotransmitter, norepinephrine, thereby 
canceling a state of unilateral overactivity. The absence 
of T wave inversion in the resting electrocardiogram 
does not exclude unilateral adrenergic overactivity, 
because during some circumstances of unilateral stellate 
stimulation or ganglionectomy no change occurs in the 
T wave or a small change occurs in the same direction 
as its baseline polarity.* 

Proposed mechanism of coronary spasm in some 
patients with variant angina pectoris: Because of a 
functional abnormality in the autonomic nervous sys- 
tem, possibly at.a hypothalamic level, a state of adren- 
ergic imbalance exists so that, at rest, the right or left 
stellate ganglion modulates enhanced nerve traffic, 
producing T wave abnormalities. In this imbalanced 
state, bursts of sympathomimetic activity, which may 
occur spontaneously or provocably by epinephrine, 
methacholine or ergonovine; may result in inordinate 
excitation of a stellate ganglion, producing Q-T interval 
prolongation. Transmission of activity along one or 
more of its cardiac branches*’ causes selective coronary 
spasm accompanied by a marked increase in coronary 
resistance. Alpha adrenergic blockade, by antagonizing 
the sympathetic neurotransmitter, norepinephrine, 
cancels the effect of asymmetric stellate ganglion ac- 
tivity. Measurement of coronary sinus and systemic 
catecholamine concentration and direct measurement . 
of cardiac nerve activity during coronary spasm would 
be necessary to confirm this mechanism. 
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One thousand forty-five spontaneous episodes of S-T segment elevation 
were observed in three patients over a total of 72 days of continuous 
electrocardiographic monitoring. Eighty-nine percent of episodes were 
asymptomatic; chest pain tended to occur with episodes longer than 3 
minutes, and ventricular ectopy occurred almost exclusively with 


symptomatic episodes. Nitroglycerin regularly relieved angina or S-T. 


elevation, or both. 


Plasma and urinary catecholamines and their metabolites were nöral: ex 


Episodes of variant angina were not associated with a generalized in- 
crease in sympathetic outflow because serum catecholamine levels at 
the onset and termination of the S-T abnormalities were not elevated. 
Controlled trials of propranolol showed no significant beneficial effect. 
Propranolol significantly increased the length of episodes of S-T elevation 
in one patient, increasing ventricular irritability. The overall course of 
variant angina was quite variable, with spontaneous and long-lasting re- 
missions, necessitating cautious interpretation of clinical trials. 


The concept of coronary vasospasm as a cause of angina pectoris received 
little attention until Prinzmetal et &1.? hypothesized that “a temporary 
and often cyclic increase in tonus in a narrowed vessel" ? might be re- 
sponsible for episodes of ischemic cardiac pain and S-T segment eleva- 
tion. With angiographic documentation of spasm during spontaneous 
episodes of angina,?^ the syndrome of vasospastic angina is now well 
established.? Demonstration of reversible vasospasm in a significant 
proportion of unselected patients at the time of myocardial infarction? 
and before infarction? extends the previous observations to include 


myocardial necrosis as a possible consequence of spasm and lends im- 


petus to inquiries into the cause and therapy of variant angina. 
Although many possible causes for this syndrome have been pro- 
posed,? the multiple physiologic and pharmacologic stimuli reported to 
induce attacks? suggest that underlying autonomic dysfunction!? may 
be a cause. Becausé the origin of vasospastic angina is still uncertain, 
many therapeutic agents have been tried and have been reported to be 
beneficial; however, there have been few carefully conducted controlled 
trials because quantitation of benefit has depended on symptomatic 
relief or intermittent electrocardiographic recordings. We therefore 
investigated humoral and hemodynamic indexes of autonomic nervous 
system function in three patients with frequent variant angina. We then 


used continuous electrocardiographic recordings to quantitate their | 


episodes of S-T elevation, allowing objective documentation of results 
of a controlled single blind crossover trial of propranolcl. 
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Methods 


Electrocardiographic monitoring procedures: Three 
patients with variant angina were studied. All had had S-T 
elevation documented at rest without changes in blood pres- 
sure or heart rate, and all had undergone angiography, stress 
testing, echocardiography and a trial of conventional anti- 
anginal therapy. After giving informed consent, they were 
admitted to the Elliott V. Newman Clinical Research Center 
of Vanderbilt University, where they underwent constant 
ambulatory electrocardiographic recordings for the duration 
of the studies. A monitor lead was chosen to correspond to the 
lead in which S-T elevation was maximal, using the 12 lead 
electrocardiogram as reference. A Hewlett-Packard model 
78100A telemetry system transmitted electrocardiographic 
signals to the hospital coronary care unit and also to an Ampex 
model FR 1200 tape recorder. Tapes were reviewed using an 
oscilloscopic display of superimposed successive electrocar- 
diographic complexes at 32 times real time and an interactive 
computer program developed in the Biomedical Engineering 
Division of Vanderbilt University that allowed tabulation of 
all episodes of S-T segment shift and their duration. Selected 
segments of electrocardiographic tape were recorded as con- 
tourograms using an adaptation of the technique of Riggins 
et al.!? (Fig. 1). 

Autonomic nervous system monitoring: Provocative 
stimuli attempted in each patient included (1) carotid 
massage, (2) gag reflex, (3) rectal tone examination, (4) ice- 
water drinking, (5) hyperventilation, (6) cigarette smoking, 
and (7) the Valsalva maneuver. 

Tests of sympathetic functional integrity (Table I) in- 
cluded (1) the venous reflex,!? (2) treadmill testing, (3) cold 
pressor test, (4) isometric handgrip test, (5) orthostasis and 
a Valsalva maneuver performed during echocardiography.!? 
These tests were performed in quiet surroundings to eliminate 
external stimuli. The venous reflex values were each the av- 
erage of two trials with deep inspiration and two with the 
Valsalva maneuver. The treadmill catecholamine levels were 
drawn at the end of 1,386 kilogram-meters (kg-m) of work 
done in 3 minutes, and blood for these samples was drawn 
through an indwelling needle to eliminate the effect of veni- 
puncture. The Valsalva maneuver, performed separately from 
that used for the venous reflex test, was 40 torr pressure held 
for 20 seconds, accomplished by blowing into a mouthpiece 
connected to a manometer. The cold pressor test measured 
the increase in mean blood pressure after 3 minutes of im- 
mersion of one hand in ice water; for isometric handgrip, the 
patient maintained 30 percent of his maximal grip for 3 min- 


TABLE | 
Sympathetic Function Tests 





Patient 1 


1. Venous reflex (torr) v po 
2. Treadmill-induced 
level (pg/ml) of 

Norepinephrine 1225 

Epinephrine 81 

Dopamine 14 
3. Valsalva maneuver (beats/min)* 
4. Cold pressor test (torr)* +18 
5. Isometric handgrip test (torr)* +15 
6. Left atrial size during Valsalva maneuver (961) —18 
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FIGURE 1. Conlourograms produced from the continuous electrocar- 


.diographic recordings before, during and after episodes of typical variant 


angina in Patient 1 (left) and Patient 2 (right). Each P-QRS-T segment 
is aligned beginning at the P wave and shifted slightly to the left of the 
previous segment. A vertical oscilloscopic sweep represents 10 min- 
utes real-time. The QRS complex is seen as a dark space because of 
its rapid motion perpendicular to the plane of the tracing. The S-T 
segment at the beginning of each contourogram is seen to be isoelectric 
with the P-R segment; with the episode of variant angina, there is a slight 
change in T wave configuration, followed by a dramatic rise in the S-T 
segment and deep T wave inversion. The rapid spontaneous return of 
the S-T segment to the baseline level and the slightly longer persistence 
of the T wave abnormality are easily appreciated. 


utes. The left atrial dimension during the Valsalva maneuver 
decreases by 18 to 66 percent in normal subjects, but this re- 
sponse is diminished in conditions of heightened sympathetic 
activity such as congestive heart failure. 

Biochemical assessment of sympathetic function (Table 
II) included measurement of plasma norepinephrine, epi- 
nephrine and dopamine in addition to urinary catecholamines, 
metanephrine, normetanephrine and vanillylmandelic acid. 
Because changes in sodium balance may alter sympathetic 
nervous system activity,2° patients were maintained on a 
constant sodium diet of 150 mEq/day. Catecholamines were 
monitored at rest, after certain sympathetic stimuli and 
during two episodes of S-T segment elevation. Plasma for 
supine determinations was drawn at 8:00 A.M. through an 
indwelling scalp-vein needle placed at 7:30 A.M., the patient 








Normal 
Patient 2 Patient 3 Values 
36 12 5-35 
947 1064 500-1500 
20 68 50-250 
62 42 «100 
110/60 92/76 90-120/50-70 
+26 +20 12-30 
+26 +38 15-40 
—29 —24 18-66 





* Maximal heart rate during strain phase/minimal heart rate during overshoot phase. 


t Increase in mean blood pressure. 


* Reduction in diameter measured in the one dimensional echocardiogram. 
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having been supine from midnight until 8:00 A.M. That for 
upright determinations was drawn through the same needle 
: after patients had been ambulatory and upright for 3 hours. 
^. In patients 1 and 3, plasma was drawn after S-T elevation was 
noted on the monitor but before pain began, and again just 


t; after the S-T segment had returned to baseline. 


Urinary levels of 5-hydroxyindoleacetic acid were mea- 


"SC sured and plasma renin activity, free thyroxine and levels of 


2,3-diphosphoglycerate were assessed. In addition, hemo- 
globin-oxygen affinity was determined, and creatine kinase 
levels after prolonged episodes of angina were measured. 

The simultaneous differential assay of norepinephrine, 
epinephrine and dopamine by a radioenzymatic method has 
been described.?! This assay is sensitive to 20 pg/ml of plasma 
for norepinephrine and epinephrine and 30 pg/ml of plasma 
for dopamine. Metanephrine and normetanephrine were 
measured using a mass spectrometric method recently de- 
scribed.?* 

Propranolol trial: Administration of propranolol was 
begun (using a single blind procedure in one subject, a double 


2 ^ "blind procedure in two subjects) after a 3 day trial of placebo 
' and was given ata dose of 160 mg four times daily for 3 days. 
»~ dn Patient 1, an interim trial of 40 mg four times daily was 


interposed between the placebo and full dose regimens. After 
*the discontinuation of propranolol, monitoring continued 
-while the patient was receiving placebo. Intermittent short- 
acting nitrates were used to treat symptomatic episodes of S-T 


2 ‘elevation during both the propranolol and placebo periods, 


put al other drugs were stopped. 
Patients: Two men and one woman, aged 62, 57, 47 years, 
«respectively, had had nonexertional episodes of typical isch- 
eric cardiac pain for 5, 2 and 8 years, respectively, with Pa- 
“tients 1 and 3 having multiple periods of weeks to months free 
-< -of pain, alternating with symptomatic periods that required 
occasional hospitalization. The electrocardiogram was normal 
. 3n Patients 1 and 2 but showed minor, nonspecific ST-T wave 


abnormalities in Patient 3. Coronary arteriography in all pa- 


tients showed narrowing of less than 40 percent of arterial 
diameter in the right coronary artery in Patients 1 and 2 and 
in the proximal left anterior descending coronary artery in 


; ; Patient 3. In Patient 3 a single bypass graft to the left anterior 


. TABLE Il 





descending artery had been placed 3 years before our study, 
and postoperative angiography showed total occlusion of this 
artery but a widely patent graft. There had been no change 
in the patient's symptoms. In all patients, episodic S-T ele- 
vation was seen in leads appropriate to the coronary arterial 
segment with mild narrowing. Physical examination was 
normal in all three patients, and Patients 1 and 2 had had 
prior normal evaluations of the gastrointestinal system. 


Results 


Provocative maneuvers: Carotid massage, gag re- 
flex, rectal tone examination, icewater drinking, hy- 
perventilation, cigarette smoking, the Valsalva ma- 
neuver and treadmill testing have all been reported to 
induce attacks in some patients with variant angina. Our 
patients did not respond to any of these maneuvers 
except the gag reflex and hyperventilation, and only 
Patient 3 responded even occasionally to these. The 
treadmill test. in Patient 3 was inadequate because it was 
prematurely terminated because the patient was "tired 
all over" at a heart rate of 125 beats/min (target rate 149 
beats/min) without electrocardiographic changes or 
decrease in blood pressure. 

Tests of sympathetic function (Table D: The ve- 
nous reflex, a measure of sympathetic outflow to hand 
veins as reflected in altered venous tone, was not gen- 
erally suggestive of excessive sympathetic function. The 
venous responses in Patients 1 and 3 were well within 
the normal range, but Patient 2 had the largest stimu- 
lated increase in tone we have observed. Because of the 
technical variability of this test and the lack of a well 


standardized upper limit of normal, cautious interpre- . 


tation of this result is required. Fortuitously, while 
baseline venous tone was being monitored in Patient 1 
before introduction. of the sympathetic stimulus, a 
spontaneous episode of S-T elevation occurred. No al- 

ration in venous tone was seen during the first 3 
minutes of the attack, although a slight increase in tone 














—;; Biochemical Indexes of Sympathetic Function 
Normal 
Patient 1 Patient 2 Patient 3 Values 
1. Supine catecholamines (ng/ml) 
Plasma norepinephrine 184 211 164 150-300 
Plasma epinephrine 42 10 36 50 
Plasma dopamine 71 76 40 100 
2. Upright catecholamines (ng/ml) 
Plasma norepinephrine 472 635 524 300-700 
Plasma epinephrine 77 17 42 x50 
Plasma dopamine 18 44 55 «100 
3. At onset of S-T elevation ipg/ml)* 
Plasma norepinephrine 162 176 NA 
Plasma epinephrine 33 20 NA 
Plasma dopamine 48 54 NA 
4. At end of S-T elevation (pg/ml)* 
Plasma norepinephrine 193 E: 184 NA 
Plasma epinephrine 44 ES 38 NA 
Plasma dopamine 46 a 42 NA 
5. 24-hour urinary VMA (mg) 4.7 2.5 2.4 0.8-7.0 
6. 24-hour urinary catecholamines (ug) 74 63 90 <106 
7. 24-hour urinary normetanephrine (ug) 260 310 288 <800 
8. 24-hour urinary metanephrine (ug) 168 124 154 <400 
* Samples drawn with the patient supine. 


NA = not applicable; VMA = vanillylmandelic acid; ... = not measured. 
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was observed later, after the patient noted precordial 
distress. This increase was less than that induced by the 
Valsalva maneuver and deep inspiration. 
_ The levels of norepinephrine, epinephrine and do- 
pamine associated with a standardized treadmill test 
(4 miles/hcur with grade adjusted so that 1,386 kg-m of 
work were accomplished in 3 minutes) were not signif- 
-icantly different from those observed in normal 
: subjects.?? Similarly, the hemodynamic responses to the 
-` cold presser test, isometric handgrip test and the Val- 
salva maneuver were within the normal range. Although 
the change in left atrial size during the Valsalva ma- 
neuver was at the lower limit of normal, it was greater 
than the change usually seen even in mild heart 
failure.!? 
No elevation in creatine kinase levels was observed 
in any patient. Urinary 5-hydroxyindoleacetic acid, 
plasma free thyroxine levels and supine and upright 
^. plasma renin activity levels were all normal, as were 
". hemoglobin-oxygen affinity and 2,3-diphosphoglycerate 
levels. 
Biochemical indexes of sympathetic function: 
— The results of plasma and urinary studies of catechol- 
^ amines and their metabolites (Table II) were within the 
normal range. In two patients, it was possible by lengthy 
bedside monitoring to sample for plasma catechol- 
amines at the onset of S-T elevation and again 5 minutes 
(Patient 3) and 8 minutes (Patient 1) later, at the mo- 
ment of resolution of S-T elevation. Both of these epi- 
sodes were associated with pain, and in both cases the 
pain appeared 3 minutes after the electrocardiographic 
changes were observed. Hence, the initial sample was 
taken when the patient was pain-free and the second 
while he was experiencing precordial distress. Plasma 
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FIGURE 2. Patient 1. Effect of pro- 3 
pranolol therapy. Note that the av- 
erage duration of S-T elevation 
(minutes that each episode lasted) m 
was greatest while the patient was 
receiving propranolol, 640 mg daily, 
less with the smaller dosage of 
propranoicl and least while receiv- I> 
ing. no medication. Ventricular 
premature: complexes, seen only $ 
with episodes of S-T elevation were 0 
more frequent with longer episodes, 
and bigeminy only occurred during 
large dose propranolol treatment. 
* The number of episodes gradually 
decreased over the course of this 
‘trial (not plotted) and was not sig- 
nificantly related to the dosage of 
, propranolel. 
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catecholamine values, both at the onset and at the end 
of S-T elevation, were lower than those associated with 
as mild a stimulus as upright posture. 

Propranolol trial: All three subjects had been re- 
ceiving outpatient treatment with propranolol, 40 mg 
orally four times daily, with little apparent benefit. 
Increasing the dosage to 160 mg orally every 6 hours 
appeared to be detrimental in Patient 1 (Fig. 2), re- - 

sulting in longer episodes of S- T elevation and increased 





severity of ventricular arrhythmias, but it had no effect —— 
on the course of disease in the other patients. Thesame ^ 


dosage was repeated in Patient 1 at a time when he was 


asymptomatic and monitoring showed only very brief — 


episodes of S-T elevation (less than 2 minutes); the - 


previously observed increase in length of episodes did | 


nof recur. 


Nitrate therapy: If nitrate therapy was sufficient, ux 
patients could be maintained free of attacks. This 


usually required administration of 10 mg of sublingual 
isosorbide dinitrate every 2 hours, day and night. A- 


regimen of nitroglycerin ointment, 1 to 2 inches(2.5to 


5 cm) every 6 hours, was partially successful in two pa- 
tients; a regimen of treatment every 4 hours prevented 
attacks, but the associated headache was pro- 
nounced. E 
Course in hospital: During the 22 to 26 days of. 
hospitalization entailed by these studies, each patient — 
had frequent episodes of S-T elevation (569 episodes in 
Patient 1 and 284 and 192 episodes in: Patients 2 and 3, 


respectively), most of which were brief (less than 4- s 
minutes) and asymptomatic. This is best exemplified- 


by Patient 1, who perceived only 11 percent of his epi- 
sodes of S-T elevation. In this patient, the duration of 
S-T elevation ranged from 15 seconds to 11 1/4 minutes, 


PROPRANOLOL AND VARIANT ANGINA 


SERUM 
PROPRANOLOL 


{ng/mi) 



































PROPRANOLOL NO PROPRANOLOL 
640 


mg 


. dune 1979. The American Jnumal aC CARDIOLOGY Valine Aa 40RE 








| C MARIANT. ANGINA-=R 





>with 87 percent lasting less than 4 minutes. The longest 
~ asymptomatic episode was 8 minutes in length, but most 
-episodes longer than 4 minutes were felt by the patient. 
"Patients 1 and 3 had premature ventricular complexes 
that occurred in Patient 1 only with episodes of S-T 
elevation and were more frequent in both patients with 
longer episodes of S-T elevation. 
All patients had gradual improvement during their 
- hospital stay, with a spontaneous decrease in the fre- 
quency and length of episodes that appeared to be un- 
related to the therapeutic agents used. Patients 1 and 
2 were free of pain and S-T elevation without any 
medication at the time of discharge, and Patient 3 had 
less frequent episodes, though some did persist. 


Discussion 


Autonomic Nervous System in Variant Angina 

Vasospasm has been convincingly demonstrated in 
variant angina! and myocardial infarction,9? although 
-its underlying mechanism remains unknown. Early 
: workers, such as Monakhov,”* hypothesized autonomic 
. dysfunction. In the 12 previously reported cases referred 
to by Prinzmetal et al.” when they delineated the syn- 
drome in 1959, the angina was attributed to tobacco, 
hypoglycemia, nightmares and other causes. More re- 
cently, attention has returned to the autonomic nervous 
System, but the issue remains undecided, because at- 
~ tacks of angina have been said to be provoked by sym- 
pathomimetic (alpha) stimulation!? and parasympa- 
thetic stimulation,??^ as well as parasympatholytic 
agents.'! Therapeutic efficacy has been claimed for 
. propranolol,” phenoxybenzanine,!? atropine” and 

nylidrin.? 

Lack of generalized inerease in sympathetic 
outflow: The investigations of autonomic function in 
our three patients do not support the concept of a gen- 
eralized increase in sympathetic outflow in variant an- 
gina. Urinary excretion of catecholamines and their 
metabolites was within the normal range. Baseline and 
stimulated plasma levels of norepinephrine, epineph- 
rine and dopamine were normal. The results of physi- 
ologic maneuvers affecting cardiovascular function by 
way of the autonomic nervous system were normal. Fi- 

‘nally, it was possible in two of our three patients to 
sample blood for catecholamines at the onset and ter- 
mination of spontaneous S-T elevation. In both pa- 
tients, catecholamines remained near baseline level. 
Because circulating norepinephrine was threefold 
greater with upright posture (in the absence of pain) and 
fivefold greater with treadmill exercise (again in the 
absence of pain), elevation of plasma norepinephrine 
cannot account for the phenomenon of variant angina 
observed in our patients. 

Congruent with this is the observation that episodes 
of angina in our patients were not associated with 
changes in blood pressure or heart rate. Others*.27-?9 
have observed this during extensive hemodynamic 
monitoring at cardiac catheterization or in the coronary 
care unit. The view is further strengthened by the ob- 
servation in Patient 1 that venous tone was not altered 
at the onset of an episode of spontaneous S-T elevation. 


We interpret this to mean that there is no generalized 
increase in sympathetic outflow associated with the 
initiation of attacks of variant angina. 

Vascular hyperreactivity with local vasocon- 
striction: Germane to this discussion is the effect of 
autotransplantation. This procedure has been investi- 
gated in the treatment of variant angina?? with one 
subject experiencing relief of symptoms. Nevertheless, 
that patient had persistence of vasospasm in spite of the 
interruption of autonomic fibers to the coronary artery. 
While such a result could be interpreted to mean a re- 
growth of autonomic fibers, it may mean that the key 
to coronary vasoconstriction lies in local pathophysi- 
ology at the level of the vessel itself, independent of 
central sympathetic cutflow. The fact that alpha ad- 
renergic blockade reduces the attack rate in variant 
angina?? does not prove that excess alpha activity is the 
cause of this disease, any more than modest blood 
pressure reduction with alpha blockade proves that 
excessive sympathetic activity causes hypertension. The 
association of Raynaud's phenomenon with variant 
angina, as seen in Patient 1, has been previously re- 
ported.*!82 This association may mean that vascular 
hyperreactivity exists in other vessels. in the same pa- 
tient, but the true significance remains unknown. 


Pharmacologic Therapy 


Lack of propranolol effect: It has been suggested? 
that propranolol is contraindicated in variant angina 
because beta adrenergic blockade would counteract 
beta-mediated vasodilatation and leave alpha-mediated 
vasoconstriction unopposed, but some investigators?6 
have found a beneficial effect in practice. In Patient 1, 
the administration of propranolol in a dosage of 160 mg 
every 6 hours seemed to lengthen the average duration 
of S-T segment elevation, although the total number of 
episodes remained approximately the same. In the other 
two patients, no such trend was evident. The lack of this 
effect in these patients and even in Patient 1 at a dif- 
ferent time in his course suggests that etiologic mech- 
anisms may vary from patient to patient or from time 
to time or that the same mechanism may vary in its 
susceptibility to modification. At the very least, these 
data suggest a need for caution in use of this agent. 


Spontaneous fluctuations in severity—relation . 


te nitrate and other drug trials: Perhaps the most 
important observation of this study, although not a new 
one, is that the syndrome of vasospastic angina has 
marked spontaneous fluctuation in severity. In Patient 
1, there has been no recurrence of symptoms for 18 
months. It has been suggested that relief of pain is 
usually seen after myocardial infarction, but there was 
no evidence for myocardial infarction in our patients. 
This important feature of variant angina was noted 
previously by MacAlpin et al.*4 in 1973. Recognition of 
this variability in course is obviously critical to the de- 
sign and understanding of drug trials directed at variant 


angina, and should dictate controlled trials. Because ` 


short-acting nitrates are generally quite effective in 
aborting individual episodes of S-T elevation, they ean 


be used intermittently, while longer-acting agents are . 
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- evaluated for their effect in decreasing the number of 
Spontaneous episodes. Because many episodes are brief 
and asymptomatic, continuous monitoring may be im- 
portant if valid conclusions are to be drawn, Without 


-. such monitoring and without blinded crossover proto- 


- cols, we would clearly have been misled in the present 
- study, because two patients were discharged free of 





e episodes of S-T elevation and the third had significant 
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improvement. Further carefully controlled and blinded _ 
drug trials will be necessary to determine optimal __ 
therapy for this disease. P 
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Clinical and morphologic features of transmural myocardial infarction 
(associated with insignificant or absent atherosclerosis of the extramural 
coronary arteries) are described in seven patients with hypertrophic 
cardiomyopathy. Marked chronic congestive heart failure associated with 
supraventricular arrhythmias occurred in six of the seven patients, each 
of whom had no cr mild left ventricular outflow tract obstruction under 
basal conditions. No patient had typical angina pectoris, and only one 
patient had clinically evident acute myocardial infarction. Infarction may. 
have caused cardiac arrest in one other patient, but was "silent" in the 
remaining five patients. 

At necropsy, six of the seven patients had extensive Hiyocaidial scarto 
involving the ventricular septum, left ventricular free wall and one or both | 
left ventricular papillary muscles; in four patients portions of the right 
ventricular wall were aiso scarred. Six patients had dilated ventricular 
cavities, including two who were known to have nondilated ventricular 
cavities earlier in their clinical course. 

It is concluded that transmural myocardial infarction in the absence 
of significant coronary atherosclerosis is a not uncommon finding (prev- 
alence rate 15 percent) in a population of patients who had died from 
hypertrophic cardiomyopathy. Although transmural infarction is possibly 
a secondary event, it more likely contributes causally to the clinical de- 
terioration of some patients with hypertrophic cardiomyopathy, leading 
to ventricular dilatation and progressive fatal cardiac failure. 


Patients with hypertrophic cardiomyopathy often complain of chest pain 
(which may be typical or atypical of classic angina pectoris) and have 
electrocardiograms suggesting myocardial damage or ischemia.!~? Some 
of these patients have associated coronary arterial atherosclerosis® 4 
that may cause acute myocardial infarction. In addition, previous 
necropsy studies!?-!? of hearts of adult patients with hypertrophic car- 
diomyopathy have shown that relatively small areas of interstitial or 
replacement fibrosis are commonly present in the left ventricular wall 
(particularly the subendocardial region and papillary muscles). However; 
it has not been appreciated that transmural myocardial infarction may 
occur in patients with hypertrophic cardiomyopathy who do not have 
significant coronary atherosclerosis or that it may play a role in the 
natural history of such patients with hypertrophic cardiomyopathy. 'This 
report describes the clinical and morphologic features of seven patients 
with hypertrophic cardiomyopathy and transmural myocardial infare- 
tion unassociated with significant atherosclerotic narrowing of the ex- 
tramural coronary arteries. 


Methods 


Selection of patients: The necropsy records of the National Heart, Lung, and 
Blood Institute from 1958 to 1978 were reviewed. Eighty-two patients over the 
age of 10 years whose hemodynamic, angiographic, echocardiographie and ne- 
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cropsy findings were consistent with the diagnosis of hyper- 
trophic cardiomyopathy? 519-?! were identified. Thirty-two 
patients. who had un ergone septal myotomy-myectomy, one 
jac transplantation and one patient who 
had: itral valve replacement were excluded from the analysis. 

Of the remaining 48 patients who had not undergone opera- 
tion; 1 (15 percent) were judged by gross inspection of the 
_ heart to have transmural myocardial scarring (that is, a healed 
“myocardial infarct) of the left ventricle, and they constitute 
the study group. None of these seven patients had significant 
atherosclerosis of any of the four major extramural coronary 
arteries. The patients ranged in age from 12 to 60 years (me- 
dian 33). 

Echocardiographic studies: Echocardiograms were per- 
formed with a 2.25 megahertz, 1.2 cm diameter Aerotech 
transducer connected to either a modified Ekoline-20A or a 
Hoffrel 201 ultrasonic unit employing methods previously 
described.!9 The thickness of the ventricular septum was 
measured below the tips of the mitral valve leaflets just before 
atrial systole; posterior left ventricular wall thickness was 
measured at the level of the tips of the mitral valve leaflets 
during the same phase of the cardiac cycle. End-diastolic and 
end-systolic left ventricular transverse dimensions were taken 
as the maximal and minimal dimensions, respectively, with 
the ultrasonic beam passing through the left ventricle slightly 
below the tips of the mitral valve leaflets. 

Necropsy studies: The location of myocardial scars was 
assessed by gross inspection of the heart. The location of the 
left ventricular free wall scars was designated as either anterior 
or posterior, either apical or basal and either transmural or 
nontransmural (Fig. 1). 

Measurements were made of the maximal thickness of the 
ventricular septum, left and right ventricular free walls and 
the posterior left ventricular free wall at a level corresponding 

with the distal margin of the posterior mitral leaflet.” These 

measurements were obtained, when possible, in areas of the 
ventricular walls relatively free of scarring. The size of the 
ventricular and atrial cavities was judged by visual inspection 
to be either normal or dilated. 

The coronary arteries were excised intaet in four patients, 
and sectioned by a method described elsewhere?! Briefly, the 
excised arteries were cut at 5 mm intervals at right angles to 
- the longitudinal axes of the vessels, and each 5 mm long seg- 
ment was processed, embedded in paraffin and cut. A single 
*- Movat-stained histologic section was examined from each 5 
| c mm segment. In the other three patients, the extramural 
|» > coronary arteries were studied in the intact specimen by 
making multiple cross sections of the vessels (about 5 mm 

apart) and viewing the lumens grossly. 











Results 


Clinical findings and course (Table I): None of the 
seven patients had typical angina pectoris. Two patients 
(Cases 3 and 4) experienced occasional chest discomfort 
that was probably of cardiac origin but was not typical 
of angina pectoris; Patient 3 had a 5 year history of re- 
trosternal pain precipitated by palpitations, and Patient 
4 had a7 year history of periodic, prolonged retrosternal 
discomfort. Only Patient 3 had a clinical episode con- 
sistent with acute myocardial infarction; 3 months be- 
fore death this patient experienced severe substernal 

* chest pain that lasted for 1 hour, radiated to both arms 
and was associated with diaphoresis, nausea, vomiting 
and fine rales in the left lung and marked elevations in 

, serum myocardial enzyme levels (glutamic oxaloacetic 
















DEFINITION OF MYOCARDIAL INFARCTS 


w 


zi 





SUBENDOCARDIAL SUBEPICARDIAL TRANSMURAL. 


FIGURE 1. Definition of myocardial infarcts. Subendocardial intarcts - 

involve no more than the inner one-half of the ventricular. wall. 
Subepicardial infarcts involve no more than the outer one-half aithe 
ventricular wall. Transmuralinfarcts involve more than the inner one-half. — 
of the ventricular wall. Endo 7 and Epi 5 = endocardial and epicardial - 
one-half of the ventricular wall thickness, respectively. 


transaminase 630, lactic dehydrogenase 3,580 and cre- 
atine kinase 2,475 units; a pericardial friction rub and 
paroxysmal atrial tachycardia were present on the fol- 
lowing day. , 

In six of the seven patients the clinical course wags: 
characterized by profound chronic congestive heart 
failure with cardiac enlargement (Fig. 2a, 2b, 3band 
4a) and supraventricular arrhythmias. Two of these 
patients (Cases 5 and 6) experienced progressive and 
steady clinical deterioration over a period of several . 
years. Two patients (Cases 3 and 4) manifested rapid __ 
symptomatic deterioration 1 week before death; two 
other patients (Cases 2 and 7) had marked changes i in 
their clinical condition 3 months before death. The re- 
maining patient (Case 1) was asymptomatic before ex- 
periencing a cardiac arrest at age 12 years; he subse= ^ 
quently survived for 6 weeks with evidence of severe 
cerebral anoxia. The transmural myocardial scarring 
was significantly more common in our patients who died 
of congestive heart failure (6 of 14 [43 percent]) than in 
those who died suddenly (1 of 22 [4 percent]; P «0.025) 
(Fig. 5). PX 

Two patients (Cases 2 and 6) (Table II) had marked 
congestive heart failure and ventricular dilatation in the. = 
latter stages of their illness (as assessed with echocar- = 
diography or at necropsy) but had a nondilated heart 
by angiography 8 and 9 years earlier, respectively (Fig. 
4, b and c). This evolution from a nondilated hyperdy-- ~ 
namic left ventricle to a dilated poorly contractile — 
ventricle was associated with symptomatic deteriora- 
tion. 

Physical findings: One patient (Case 1) had not had 
an adequate cardiac physical examination before death. 
Systolic ejection murmurs were present under basal 
conditions in each of the other six patients; these mur- 
murs were heard loudest at the lower left sternal border — 
and apex. In two patients (Cases 3 and 5) the murmur 
was grade 3/6, suggesting the presence of marked left 
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-TABLE | 














Hypertrophic Cardiomyopathy and Transmural Myocardial Infarction: Clinical Findings 
Case 1 Case 2 Case 3 Case4 : Case 5 Case 6 Case 7 
Age (yr) & sex 12M 19F 20F 33M 41F 50F 60M 
NYHA class* 1 Iv? ii il iV iH Ve 
Chest pain 9 0 * * 0 0c oF 
=. Duration 0 7 mo 10 7 3 259 11 
of illness (yr)' 
Ai 9 0 * 0 0 0 0 
: Pressures (mm Hg) 
LVOT (PSG) 
Basal — 0 40 0 0 0 - 
zoo -Prevoked = 60 55 0 = 7 = 
LV S/D — 130/- 160/10 100/16 85/26 110/23 = 
SA S/D d 130/90 120/60 120/80 90/55 . 115/65 e 
PA SID = = 40/- 28/10 50/25 . 27/11 a 
< Other cardiac None AFI SVT; sev SVT(occk - AF; sev AF AF 
S findings MR CVA age 28. MR 
: Treatment with 0 8 3 6 9 0 0 
propranolol 
(no. of yr. before 
: death) 
Mode of death : 
CHF +4 42 + +b + +9 
Sudden T EE 
Family history +8 + 0 0 0 +5 + 
oor premature 
cardiac death 





i ©} Assessment made arbitrarily 1 month before death. 
«T From the time symptoms were first noted consistently. 
+ Collapsed while jogging; ventricular fibrillation documented; patient survived 6 weeks with anoxic brain damage. 
$ "Malignant" hypertrophic. cardiomyopathy.?5 
: ! Rapid clinical deterioration occurred. 3 months or less before death (from functional class Ii to class IV). ina ; : v 
| Patient's terminal illness was characterized by left ventricular failure, fever, nausea, diarrhea, abdominal pain, weakness, dyspnea, atrial flutter 
hyponatremia.: : z : 
^? Acute deterioration due to congestive heart failure 3 days before death. : 
© History of marked congestive heart failure thought to be due to severe rheumatic mitral regurgitation; however, at operation the mitral valve 
: was noted to be normal; the patient died 1 day after operation because of pulmonary embolus with infarction. 
_ € Brie? stabbing left precordial pain not thought to be cardiac in origin. 
_ “Including a 10 year period (between age 30 and 40 years) during which there was a spontaneous loss of symptoms. 
~~ © Chest pain occurred before but not after age 43. 
v However, absence of systolic anterior motion of the anterior mitral leaflet on echocardiography (under basal conditions) and absence of a cardiac 
< murmur (under basal conditions or with provocative maneuvers) indicated that obstruction to left ventricular outflow was not present in this pa- < 
nent. f mL oe 
C. 9 Patient's terminal illness (during last 10 weeks of life) was characterized by left ventricular failure with pulmonary edema, paroxysmal atrial 
5 fibrillation, hypotension, periods of bradycardia and renal failure; pulmonary arterial wedge pressure was 28 mm Hg; pressor agents were required 
-ito maintain systolic blood pressure at 90—110/60-—75 mm Hg. 
ob = present; 0. — absent; — = data not available. s : i . 
COCCOAF 7 atrial fibrillation; A FI = atrial flutter; AMI = acute myocardial infarct; CHF = congestive heart failure; CVA = cerebrovascular accident; ' 
CUT AVB = first degree atrioventricular block; LV = teft ventricle; LVOT = left ventricular outflow tract; MR = mitral regurgitation; NYHA class = 
“New York Heart Association functional class; occ = occasional; PA = pulmonary artery; PSG = peak systolic gradient; RVH = right ventricular 
| hypertrobhy; SA = systemic artery; S/D = systolic/diastolic; sev = severe; SVT = supraventricular tachycardia. 











TABLE Ii 
: Serial Clinical Data in Two Patients With Hypertrophic Cardiomyopathy and Transmural Myocardial infarction: Progression 
v From Nondilated to Dilated Left Ventricle : 














Patient 2 Patient 6 
: l T ud ü 
“Age lyr 11 19... 41 50 
meum NUM ds : i IV A B 
| Systolic ejection murmur (grade) 2/6 2/6* 2/6 None* 
Cardiothoracic ratio (X-ray) 0.53 0.63 0.50 : 0.62 
1O LVOT gradient (mm Hg) (basal/prevoked) 0/60 0* 0/7 o? 
CEVIDs/LVIDS (mm) — 50/577 - 61/67! 
‘Ejection fraction (96) 90 30 65 25 
1 (angio) {echo} (angio) (echo) 





e Uo Absence of systolic anterior motion of the anterior mitral leaflet on echocardiography {under basal conditions) and absence of a loud cardiac 
"murmur (grade 3/6 or higher) under basal conditions or with provocative maneuvers indicated that obstruction to left ventricular outflow was not 


"present. 

P * This patient died within 1 year of the most recent cardiac evaluation and showed ventricular dilatation at necropsy. 

; = = data not available. 2 : 

C Angio = angiography; | = initial cardiac evaluation; II = most recent cardiac evaluation: echo = echocardiography; L VID; and LVIDs = left ventricular 
"internal dimension in diastole and systole, respectively (as assessed with echocardiography); LVOT = left ventricular outflow tract; NYHA class 
^om New York Heart Association functional class. 
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ventricular outflow obstruction. In four patients the 
murmur was grade 1-2/6, suggesting minimal obstruc- 
tion to outflow. The second heart sound was single in 
two patients and was physiologically split in four pa- 
tients. A third heart sound was heard in two patients, 
a fourth heart sound in two patients and both third and 
fourth heart sounds in two patients. 
Echocardiographic findings: The echocardio- 
graphic data obtained in four of the seven patients are 
summarized in Table III. In each patient both the dia- 
stolic and systolic left ventricular internal dimensions 
were increased over normal. Hence, left ventricular 
ejection fraction (as well as percent fractional short- 
ening) was abnormally decreased in each patient (Fig. 
6). 
Electrocardiographic findings: The electrocardi- 
ograms were abnormal in each of the six patients whose 
tracings were obtained (Table IV) (Fig. 3c, 4d, 7, 8a and 
9c). Analysis of the electrocardiograms obtained in the 
latter stages of each patient's illness (within 1 year of 


FIGURE 2. Case 3. Radiographic 
and necropsy findings. a and b, 
posteroanterior and lateral chest 
radiographs, respectively, taken 5 
years before death and showing 
marked cardiac enlargement (car- 
diothoracic ratio — 0.73). c, exterior 
view of heart showing massive 
cardiomegaly (heart weight — 1,250 
9). d, longitudinal cut of ventricular 
septum showing extensive scarring 
(outlined by dots); e, longitudinal 
section of basal left ventricular free 
wall showing an extensive scar that 
invelves the entire thickness of the 
wall. 
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death) disclosed that the most consistent abnormality 
was diffuse T wave alterations (usually symmetric T 
wave inversion). Deep (more than 4 mm) or wide (more 
than 0.04 second) Q waves were present in each of the 
six patients, primarily in “lateral” electrocardiographic 
leads (that is, leads I, aVL, V; and Vg) and were usually 
associated with abnormally small R waves in the left 
precordial leads. Conduction abnormalities (intraven- 
tricular conduction defect, left anterior hemiblock or 
first degree atrioventricular block) were also present in 
five patients. Of 25 patients in the original study group 
without transmural myocardial scars or significant 
coronary arterial narrowing (and whose electrocardio- 
grams were available for analysis), 10 also showed deep 
wide Q waves in one or more leads. However, the prev- 
alence of Q waves in these patients was significantly less 
than that in patients with transmural scarring (P 
«0.05). 

Electrocardiographic evidence of left ventricular 
hypertrophy was present in only one patient (Case 6), 
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although Patients 2 and 3 had shown this abnormality 
earlier in their clinical course. In particular, the changes 
in electrocardiographic pattern demonstrated by Pa- 
tient 3 suggested progressive ventricular scarring over 
a 5 year period (Fig. 7); however, the possibility also 
exists that these abnormalities (deep Q waves in the 
lateral precordial leads and tall R waves in the right 
precordial leads) were due to increased forces of depo- 
larization in the greatly thickened ventricular 
septum.! 

Hemodynamic findings: Five patients underwent 
cardiac catheterization, 6 months to 10 years before 
death (Table I). A left ventricular outflow gradient of 
40 mm Hg was present under basal conditions in one 
patient (Case 3); gradients were absent under basal 
conditions in the other four patients (although one of 
these had a 60 mm Hg gradient with isoproterenol 
infusion). One additional patient (Case 7), who had not 
undergone hemodynamic study, had an echocardiogram 
recorded 3 months before death that showed no systolic 
anterior motion of the anterior mitral leaflet under basal 
conditions, a finding consistent with the absence of 
outflow obstruction.?! In two patients without outflow 
obstruction who had undergone hemodynamic study 
more than 5 years before death an echocardiogram re- 
corded within 18 months of death showed no evidence 
of systolic anterior motion of the anterior mitral leaflet. 
This finding suggested the continued absence of outflow 
obstruction in these patients. 

Genetic transmission: Genetic transmission of hy- 
pertrophic cardiomyopathy was demonstrated in first 
degree relatives of each of the seven patients. In four of 
these patients at least one first degree relative died 
prematurely of hypertrophic cardiomyopathy; in two 
of these families premature death occurred unusually 
frequently (that is, *malignant" hypertrophic cardio- 
myopathy? appeared to be present). In the families of 
the other three patients, at least one surviving relative 
had clinically evident hypertrophic cardiomyopathy. 
The only patient (Case 2) with concentric ventricular 


Patients with HCM 





Chronic CHF Sudden Death 
(14) Mode of Death 


No TMI TMI TMI 


€o GG 


FIGURE 5. Diagram showing prevalence of transmural myocardial 
infarction (TMI) among patients with hypertrophic cardiomyopathy (HCM) 
who died suddenly and those who experienced chronic congestive heart 
failure (CHF). * — patients with hemodynamically significant narrowing 
of at least one major coronary artery and patients who died of noncar- 
diac causes. 


No TMI 


hypertrophy (demonstrated both with echocardiogra- 
phy and at necropsy) had a brother with hypertrophic 
cardiomyopathy whose sudden death at age 13 years 
was the first definitive manifestation of cardiac dis- 
ease?’; also, the patient's mother manifested asym- 
metric septal hypertrophy (septal-free wall thickness 
ratio of 1.7) on echocardiography. In addition, two pa- 
tients (Cases 1 and 5) had the marked disorganization 
of cardiac muscle cells in the ventricular septum (in- 
volving 5 percent or more of the tissue section) that is 
characteristic of patients with hypertrophic cardio- 
myopathy?85; in the other five patients a reliable as- 
sessment of the extent of septal disorganization could 
not be made because of widespread replacement fi- 
brosis. 


Necropsy Findings (Table V) 

Gross pathology: Heart weights were increased 
compared with normal values?! in each patient. In five 
of the seven hearts the ventricular septum was asym- 
metrically thickened with respect to the left ventricular 








FIGURE 6. Case 7. Echocardiogram recorded inferior to the level of 
the mitral leaflets. The left ventricular internal dimensions in both 
diastole (LVIDg) and systole (LVID,) are increased. Other portions of 
the tracing showed somewhat greater internal dimensions. The ven- 
tricular septum (VS) is disproportionately thickened with respect to the 
posterior left ventricular free wall (PW). RV = right ventricle. 
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free wall (septal-free wall thickness ratio greater than 
or equal to 1.3) (Fig. 3d and 9b).18?! In the remaining 
two patients (Cases 2 and 4) the ventricular septum and 
left ventricular free wall were of equal thickness at ne- 
_cropsy (Fig. 4f). However, in Patient 4 the septal-free 
- wall thickness ratio calculated during life with echo- 
-  eardiography was abnormal (1.4), thus confirming the 
“diagnosis of hypertrophic cardiomyopathy (with 
asymmetric septal hypertrophy). Such discrepancies 
between septal-free wall thickness ratios obtained 
during life and at necropsy have been explained previ- 
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ously.?? In Patient 2 (whose mother had a septal-free 
wall thickness ratio of 1.7 on echocardiography) the 
echocardiographic septal-free wall thickness ratio was - 
1.6; this patient therefore had genetically transmitted 
hypertrophic cardiomyopathy with concentric (sym- 
metric) ventricular hypertrophy.** 

The left and right ventricular cavities were dilated 
in six of the seven patients (Fig. 3d and 4f) and very 
extensively in two of these patients. Only Patient 5, who- 
had a relatively discrete myocardial scar, had ventric- 
ular cavities of normal size. Thrombi were present in the 








FIGURE 7. Case 3. Electrocardiograms obtained over a 5 year period. The changes suggest progressive ventricular scarring. 6-9-66, recorded at _ 
age 16 years, showing strikingly increased precordial voltages (up to 82 mm), left ventricular "strain" pattern and diffuse T wave inversion. 6-4-69, i 
the tracing recorded at age 19 has changed substantially and now shows right axis deviation, a tall R wave in right precordial leads (suggestive 
of right ventricular or ventricular septal hypertrophy), greatly diminished left precordial R wave voltages, Q waves in leads Il, IH, aVF and Ve and 
more marked T wave inversion in leads Vs and Va. 6-24-70, in the tracing recorded at age 20, the left precordial R wave voltages are virtually absent 
anti Q waves are more prominent in leads II, Ill, aVF, Vs and Ve. 9-7-71, the tracing recorded at age 21 (1 month after an acute myocardial infarctiol 

. the R wave in lead V; is diminished and left or "unusual" axis deviation is present. STD = standardization. : 



























June 1979 . The American Journal af CARDIO OGY  Valuma 42. 1003 


MYOCARDIAL INFARCTIBN IN HYPERTROPHIC CARDIOMYOPATHY—MARON ET AL. 





‘(ueosed gz Aq peonpei ‘ex ureis uosalb ue orseje) saaye K1eu0109 [enure jur jeuiouqe jueuiuoJd oj 
jueoeípe seeje seAjo^ui uana Duueos eArsuejxe tuoneoriuDeui ay y ye 1nq ‘9 ui UMOYS uunjdes Je[no!jju8 jo Bese əy} ‘p ‘(uad gz Aq peonpal ‘ex ures UOSAIE) UBA onsejə) 


unjdes JejnouqueA əy} u! juese4d a4e seueye euo [enurequ jeuujouqe snojeuinu ‘undas eui pue SEM 3344 ujoq jo Burueos jeunuisue. pexsew Burwous SIEM JejnoujuoA 
(A1) uej pue (Au) 14611 eui jo seaje snon6nuoo pue (SA) uumdes aejnouueA əy} jo xede eu; jeeu uoioes jeuipnyiGuo| e jo udeJ8ojoudoaoiu eysoduioo ‘9 (u1) snquiojui jeanuü 
pesoduiuedns ui |[e« 994} je|notque^ Ya] ƏY} jo sseuxolui IIN} eu; jo Buuueos eAisuaixe ‘q 'senieuuouqe DALM 1 esnyjp pue 198jep uononpuoo 1e|norueAe Qul ue 'spee| 
[£ip4ooeJd Yo] oy} ui eBejjoA 8^e^ Y peusiutuuip “JAL pue | Spea| ui SONEM O smoys uieJ50ip1e504199J8 Əy} *e Bues jeIpseooAw jenuisueJ] eAISua)X3 "p ese? 'g 3un5i4 


gue 








June 1979 The American Journal of CARDIOLOGY Volume 43 


1094 


i> 





MYOCARDIAL INFARCTION IN HYPERTROPHIC CARDIOMYQPATHY—MARON ET AL. 





'(jueo4ed pg Aq peonpes 
“LEX ursoe-uiAxojeuieu) (Ə 40 q ur UMOYS jou |JEM B94 1eJno1nuo^ Ya} jo eaJe ue LOL) S!SOiqlj jueujeoejde. jeanuisue Bulmoys |JEM 3944 rejnoquen Yo] JO uoniod e jo uonoes 
oibojoisiu ‘p `ƏAJLA IOL = AY ‘IEM JENOU eui JO seA[eu 19jno ƏY} WO Jeuut BY} @PIAIP 0} SƏAƏS eui uexo4q ƏY} :juepi^e s! ose (SMOL) [JEM 994} JEINDINUA YƏ] ƏY} JO 
uoiBe1 [eipyeoideqns jeseq Əy} u! joseju! ue ‘IJEM 894} JEINOUSA Yo] OU} oi e^neje1 uinjdes əy} jo Hujuəyory, eyeuonaodoadsip Bulmoys jem 8914 1e|jnouuoa Yo] pue (SA) wmdes 
1eJnoHjue^ jo sno jeuipniBuo| ‘I IEM JejnorqueA ay} jo seA[eu Jejno AY} WO4 JUUL By} 9PIAIp 0} SƏMƏS OUI] uexoJq ƏY} (SMOE) [JEM 994) Jejnoruo^ Yo] [eSeq ƏY} ui juepi^e si 
1948juI [eipaeoideqns e :AujedoAuorpaeo orudoaiedÁu jo jeoida sBurpuiy '(v) 91429] jeju 40119)u€ peue»poiuj eui 0} uonisodde 1594ip ur pue (Av) SAJEA DIOR eui ujgeueq enbejd 
[ean jeipyeoopue Durwous 7921} MOJHNO (A7) 1e]norueA Yo] JO MALA dn-eso|o ‘q 'senijeuuouqe DALM 1 pue jueujfes |-s esnjjip pue spee| jeip028Jd 349] eui ui eBejjo^ DALM Y 
peustuiuuip “TAL pue | Spee] ui SeAeM O *'ujeged »xoo|qiueu 4o1e1ue Ya] e swous uieJ&oipieoo04129Jo “e “sBurpuyy otudeJ60ip1e204129je pue Ásdoaoeu oelpye? ‘S eseo *6 AUNDIS 
































1095 


June 1979 The American Journal of CARDIOLOGY Volume 43 





MYOCARDIAL eir IN HYPERTROPHIC CARDIOMYOPATHY-—MARON ET AL. 





| TABLE lii 











_- Hypertrophic Cardiomyopathy and Transmural Myocardial Infarction: Echocardiographic Findings* 
97.5% 97.5% 
Prediction Prediction 
Age Limit? Limit? 
(yr) VS PW . LVID, LVIDp LVID. LVID, EF? Fs§ 
Case no. & sex (mm) imm) VS/PW imm) (mm) ímm) imm) (95) (96) 
2 19F 14 14 1.0, 57 52 50 35 32 12 
4 33M 16 13 1.25 55 54 42 36 55 24 
6 50F 15 10 1.5 67 53 61 35 25 9 
7 60M 19 9 2.1 58 52 959 34 36 14 








* Includes data from only the echocardiogram obtained closest to the time cf death. 

= k That value below which about 97.5 percent of the normal population lies; both LVIDp and LVID, are a linear function of age and body surface 
|. area. 
E -+The 2.8 percent prediction limit (that value above which about 97.5 percent of the normal population lies) was 67 percent for each patient because 
-"ejection fraction is not a function-of age or body surface area.” 

rx $ The 2.5 percent prediction limit was 30 percent for each patient because percent fractional shortening is not a function of age or body surface 

area. 
LY SP another echocardiogram recorded 9 months earlier showed asymmetric septal hypertrophy (ventricular septal thickness 18 rnm, posterior 
.: left ventricular free wall thickness 13 mm and septal-free wall thickness ratio 1.4). 
-v EF = left ventricular ejection fraction; FS.= percent fractional shortening; LVIDp and LVID, = left ventricular internal dimension in diastole and 
"systole, respectively; PW = posterior left ventricular free wall thickness; VS = ventricular septal thickness; VS/PW = ventricular septal to posterior 
«left ventricular free wall thickness ratio. 


. ventricular cavities of four patients (left ventricle in one, 
ght ventricle in one and both ventricles in two) (Fig. 


Mest arteries were either free of atherosclerotic plaques 
or were narrowed less than 25 percent by plaques (Fig. 





* Af and 8b); there was no evidence of ventricular thrombi 
in the three other patients with transmural scarring or 
<in the 41 nonsurgically treated patients without 

¿transmural scarring. 

Ci Coronary arterial anatomy: At necropsy, none of 
the. seven patients had atherosclerotic luminal nar- 
— rowing greater than 75 percent of cross-sectional area?* 
. of any of the four major extramural coronary arteries. 


. TABLE IV 


10 and 11). Patient 5 had an organizing clot (most likely 
an embolus) completely occluding the right coronary 
artery for á length of 3.5 cm; minimal atherosclerosis 
was preserit in the artery (Fig. 12, a to c). 

In contrast, marked abnormalities of the intramural 
coronary arteries?! were present in six of the seven pa- 
tients (Fig. 3g and 8, c and d). These abnormal vessels 
had thickened walls (due to intimal proliferation or 











-Hypertrophic Cardiomyopathy and Transmural Myocardial Infarction: Electrocardiographic Findings* 
Case Case Case Case Case Case Case 
1 2 3 4 5 6 7 
c Age tyr) & sex 12M 19F 20F 33M 41F 50F 60M 
: “Ventricular = R! of 0 0 L 0 
vos hypertrophy 
Diffuse T wave = + + + + + + 
c; abnormalities 
5:7: waves in leads 
cecek aVL i 0 0 * * 0 + 
cU Ma Vg - " * + ð +1 + 
ASIN, aVF — 0 + 6 (i o 0 
s MWOD z o 0 + [ * 0 
-OLAH = 0 +8 0 * 0 + 
CÀ*AVB - 0 0 0 0 * 0 
UO. Powave in -— 0 + + + 0 0 
deft precordium 
AE iz ir 0 0 C + + 





| * The electrocardiogram recorded closest to the time of death (with the patient in a relatively stable clinical state) was used. 
— :* The electrocardiographic pattern was also consistent with ventricular septal hypertrophy; left ventricular hypertrophy with "strain" and Wolff- 


: : Parkinson-White pattern were present 5 years previously. 


hypertrophy. 
Ey $ Left axis deviation only. 
-:* Lead Vs only. 





E i The patient showed substantial changes in the electrocardiographic pattern over an 11 year period (see Fig. 7x initially the electrocardiogram 
showed marked left ventricular hypertrophy with "strain" and subsequently a pattern consistent with either right ventricular or ventricular septal 


* Marked decrease in prominence of Q waves in leads Il, IH and aVF was noted 4 years before death. 


+ = present; 0 = absent; — = data not available; , = decreased. 


1°AVB = first degree atrioventricular block; IVCD = intraventricular conduction defect; L = left; LAH = left anterior hemiblock; LAE = left atrial 


"enlargement; R = right. 
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TABLE V 
Hypertrophic Cardiomyopathy and Transmural Myocardial Infarction: Necropsy Findings 














































Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case? o 
(A105-75) (A75-209) (A72-197) (A74-216) (A63-77) (A77-32) {(A76-108) 
Age tyr) & sex 12M 19F 20F 33M 41F 50F 60M 
— Heart weight (g) 270 530 12505 580 530 550 530 
Location of 
51 fransmural 
infarcts 
vS + + + + + HM en 
LV free wall 
Antetior 0 + + + 0 + + 
Posterior + + + + + 0 T 
Basal + + + Q + + * 
Apical * + + + 0. * + 
RV 1 
Anterior + + + + 0 0 c0 
- "Posterior 0 * + + 0 0 LE 
Basai 0 + + 0 0 0 0 
: Apical + + + + 0 0 o: 
“LV pap infarct : 
AL 70 t + + 0 a + 
- PM + + + + + + 0. 
:Subepicardial 20 0 + 0 + 0 + 
= nam 
“Histologic age 
i of infarcts??:30 
«amo 0 0 0 8 + 0 0 
1-2 mo 0 0 T 0 + 0 0 
>2 mo + + + + + + + 
Coronary arteries 
: Extramural" ; 
CEAD 0-2596 26-50% 0-25%4 51-75% 0-25% 0-25% 0-25 %8 
LOx 0-25% 0-25% 0-25% 0-25% == 0-2596 0-25% 0-25% 
LMCA 0-25% 0-25% 0-25% 0-25% 9-25% 0-25% 0-25% 
RCA 0-25% 0-25% 0-25% 26-50% 0-25% 0-25% 0-25% — 
intramural? : 
: + 9 + + : + + + 
LV 0 0 + 0 + + + 
RV 0 0 0 * 0 0 0 
z Ventricular : 
wall thickness 
vs 18 13 42 15 25 15 14 
Post LVFWt 10 18 10 15 9 10 10 
Max LFVW 13 14 19 15... 13 10 12 
RV 5 6 11 5 6 3 8 
VS/Post LVFW 1.8 1.08 4.2 i09 2.8 15 1.4 
& + 1 t 
i H o t 
0 
0 J $ 1 
0 + 0 0 + +9 0 
0 0 0 0 + +: 0 
AN 0 * * + 0. 0. 0 
RV 0 + + 0 0 * 0 








-+ Percent cross-sectional area narrowing by atherosclerosis; narrowing of any extramural coronary artery that was greater than 75 percent 
| of the vessel lumen was considered abnormal.** E DM 
T Intramural coronary arteries with thickened walls (evidenced by intimal proliferation, medial hypertrophy or both) and luminal narrowing. x 
* Measured behind the mid point of the posterior mitral leaflet at the level of the inferior margins of the mitral leaflets. : 
$ Echocardiogram recorded 1- month before death showed concentric ventricular wall thickening (ventricular septal and posterior left ventricular 
frep wall thicknesses were éach 14 mmy); no earlier echocardiograms were available for analysis. 
* Marked dilatation similar in magnitude to that present in dilated cardiomyopathy. ^ ^ 
? in the form of a discrete linear ridge. 
P The patient weighed only 47 kg (103 pounds). 
© Papillary muscles only. 
? Examined by gross inspection only (that is, by making multiple cross sections of the vessels [3 to.5 mm apart] in the intact specimen, and then 
viewing the arterial lumens grossly). E uS 
* Echocardiogram recorded 1 1/2 years before death showed asymmetric septal hypertrophy (ventricular septal thickness 18 mm, posterior 
left ventricular free wall thickness 13 mm and septal-free wall thickness ratio 1.4). 3 
! Septal infarct was present predominantly in the region of the left ventricular apex. 
9$ Extensive endocardial fibrosis, but not a typical discrete plaque. — LER 
+ = present; 0 = absent; | = increased. ee 
I AL = anterolateral papillary muscle; AML = anterior mitral leaflet, LA = left atrium; LAD = left anterior descending coronary artery; LOX = left — 
| *. circumflex coronary artery; LMCA = left main coronary artery; LV = left ventricle; Max LVFW = maximal teft ventricular free wall; pap = papillary 
. muscles; Post LVFW = posterior left ventricular free wall (behind posterior mitra] leaflet at the level of the inferior margins of mitral leaflets); PM 
= posteromedial papillary muscle; RA = right atrium; RCA = right coronary artery; RV = right ventricle; VS = ventricular septum. © ooo 
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FIGURE 10. Case 2. Sections of the major extramural 
coronary arteries at sites of maximal narrowing. Each artery 
is free of significant narrowing (Movat stain X 16, reduced 
by 37 percent). LAD = left anterior descending, LC = left 
circumflex, LM — left main and R — right coronary artery, 
respectively. 


FIGURE 11. Case 7. Sections of the left anterior descending 
(LAD) and left circumflex (LC) coronary arteries (top) and of 
the left ventricular free wall and papillary muscles (bottom). 
Both coronary arteries are free of significant narrowing 
(Movat stains X25, reduced by 20 percent). Lower left, 
section of left ventricular free wall and anterolateral papillary 
muscle (A-L); the scarring is localized to the subepicardial 
region of the left ventricular free wall (arrows) and to the 
distal half of the papillary muscle; the broken line serves to 
divide the inner from the outer halves of the ventricular wall 
(phosphotungstic acid-hematoxylin stain, X3, reduced by 20 
percent). Lower right, section of the left ventricular free wall 
and posteromedial papillary muscle (P-M) showing a 
transmural scar at the base of and caudal to the papillary 
muscle (arrows); focal scars also are present in the papillary 
muscle (phosphotungstic acid-hematoxylin stain X3, reduced 
by 20 percent). y 
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medial hypertrophy, or both) and narrowed lumens. 
Abnormal intramural coronary arteries were most 
common in the ventricular septum and in areas of 
searring. 
. Myocardial infarcts: One or more foci of transmural 
left ventricular scarring (that is, replacement fibrosis) 
were present in each of the seven patients. One of these 
patients had an acute infarction manifested histologi- 
cally by coagulation necrosis (loss of contractile ele- 
ments, granularity of the cytoplasm and nuclear pyk- 
nosis or karyolysis) as well as healed myocardial infarcts 
(Fig. 12). The scars usually involved greater than 75 
percent of the overall ventricular wall thickness. 
Extensive transmural sears were present in the left 
ventricular free wall of six of the seven hearts (Fig. 2e, 
3f, 8b, 9d, 10, 11 and 12, d and e). In each patient ex- 
tensive scarring or necrosis of either one or both left 
ventricular papillary muscles was also evident (Fig. 11 
and 12d). In addition, each of these patients had 
‘transmural scarring of the ventricular septum (Fig. 2d, 
-3e, 8c and 13). 
-= The size of the left ventricular scars varied consid- . 
erably. Three patients (Cases 2, 3 and 7) had particu- 
- larly extensive transmural scarring involving the ante- 
rior, posterior, basal and apical regions of the left ven- 
tricular free wall and also contiguous areas of the ven- 
tricular septum. In contrast, Patient 5 (who had an oc- 
cluding clot of the right coronary artery) had a relatively 
discrete transmural scar of the left ventricle that was 
limited to the posterobasal regions of the left ventricular 
free wall and septum (Fig. 12). The origin of the coro- 
nary clot in this patient, who also had pulmonary and 
renal infarcts due to emboli, is uncertain. 

Four patients aiso had transmural scars involving 
the right ventricular wall (Fig. 8c). In three patients the 
scar was extensive and involved both the anterior and 
posterior right ventricular walls, and in the other patient 

< (Case 1) the scar was relatively small and involved only - 
. a portion of the anterior right ventricular wall. 

_ In addition to the transmural scars subendocardial 
-areas often showed scarring (Fig. 13d). Three patients 
.. (Cases 3, 5 and 7) also had scarring in the subepicardial 

< region of the basal left ventricular free wall (Fig. 9, a and 
—b; 11, and 12D. 











































Discussion 


Prevalence and clinical findings: Our study 
demonstrates that transmural myocardial infarction* 
may occur in patients with hypertrophic cardiomyop- 
athy in the absence of significant atherosclerosis of the 
extramural coronary arteries. Furthermore, transmural 
infarction was present in 15 percent of our sizable group 


* The term "myocardial infarct" (or "infarction") is used in this paper 
to describe extensive myocardial cell necrosis that has undergone 
healing (that is, shows extensive replacement fibrosis). Although 
coagulation necrosis was present in the heart of only one of our seven 
patients it is our presumption that necrosis must have preceded the 
extensive scarring (replacement fibrosis) identified in the other six 
patients. 





of nonsurgically treated patients who died of hyper- 
trophic cardiomyopathy. 

Transmural infarction was usually clinically "silent"; 
that is, it was accompanied by clinical manifestations 
of acute myocardial infarction in only one patient. 
Furthermore, the electrocardiogram was generally of 
little value in identifying the site of necrosis or fibrosis 
in our patients. Because 10 of 25 patients who did 
not have transmural infarction (or significant ex- 
tramural coronary arterial narrowing) at necropsy also 
had electrocardiographic abnormalities (deep, wide Q 
waves) consistent with a healed myocardial infarct, the 
presence of such electrocardiographic changes was not 
reliably predictive of transmural scarring. 

Clinical course: Six of our seven patients had a rel- 
atively unusual clinical course for patients with hy- 
pertrophic cardiomyopathy that is, one characterized. 
by supraventricular arrhythmias and profound pro- 
gressive congestive heart failure with ventricular dila- 
tation (documented with echocardiography and at ne- 
cropsy). Two such patients (Cases 2 and 6) with marked 
congestive heart failure and a dilated poorly contractile 
left ventricle had shown a nondilated hypercontractile 
heart on angiography 8 and 9 years earlier in their 
clinical course. This evolution from a nondilated to a 
dilated left ventricle coincided with symptomatic de- - 
terioration in these patients. The clinical and mor-. 
phologic features of such patients with “end-stage” 
hypertrophic cardiomyopathy have not been reported 
by previous investigators. However, in our experience 
and in that of Goodwin**-*" and Oakley,? the clinical 
state of the large majority of patients with hypertrophic 
cardiomyopathy and chronic congestive heart failure 
does not usually evolve into one characterized by left. 
ventricular dilatation. 

Necropsy findings: Areas of the ventricular septum 
and left ventricular free wall involved by transmural | 
infarction were particularly large in six of the seven - 
patients. In four patients, portions of the right ven- 
tricular wall also were infarcted. The large infarcts in 


- these patients usually occurred without clinical evidence- 


of accompanying acute myocardial infarction. However, 
the extent of transmural infarcts in the left and right 
ventricular walls was not related to the age of the pa- 
tient, nor did the regions of the left ventricle involved 
by infarcts generally correspond to any particular cor- 
onary arterial distribution (as noted, Patient 5 is an: 
exception to this). 

The extent of infarction in our patients with hyper- 
trophic cardiomyopathy exceeded that usually present 
in patients with idiopathic dilated cardiomyopathy.!5-17- 
In the latter group of patients transmural infarcts are 
uncommon, relatively small and usually confined to the 
left ventricular free wall. Also, three of our seven pä- 
tients with transmural myocardial infarction had non- 
transmural infarcts limited to the subepicardium of the: 
basal left ventricular free wall. Although the significance 
of this peculiar location of myocardial scarring is un- | 
certain, scarring in this region of the left ventricle is. 
unique, and we have not observed it in patients with: 
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coronary or valvular heart disease or dilated cardio- 
myopathy. 

Left and right ventricular dilatation was present in 
six (86 percent) of our seven patients with hypertrophic 
cardiomyopathy and transmural infarction. In two pa- 
tients the ventricular dilatation was marked, similar to 
that present in dilated cardiomyopathy.!^-!? In contrast, 
only four (10 percent) of our 41 nonsurgically treated 


necropsy patients with hypertrophic cardiomyopathy 
but without transmural myocardial infarction had 
ventricular dilatation (P <0.001). Hence, transmural 
infarction appears to predispose to ventricular dilata- 
tion in patients with hypettrophic cardiomyopathy. 
Mural thrombi (similar to those present in about 70 
percent of patients with dilated cardiomyopathy!?-17) 
occurred in four of our seven patients. Because ven- 





FIGURE 12. Case 5. Sections of the right coronary artery at three levels in the area of the embolus (top) and of the left ventricular wall (bottom). a, 
proximal portion containing clot (mainly fibrin), which is beginning to organize. The artery is nearly free of underlying atherosclerotic plaque, suggesting 
an embolic origin of the clot. b, same artery but just proximal to crux. Here the clot is clearly organizing and it fills less than half the residual lumen. 
The underlying plaque may have resulted from organization of the clot. c, small branch of the right coronary artery ( posterior descending) in which 
the lumen is filled with loose fibrous tissue containing numerous channels. The presence of the multiple channels is evidence of organization of 
a clot. d, section of the posterior portion of the left ventricular (LV) wall and posteromedial papillary muscle (P) showing extensive necrosis (dark 
areas within broken lines), some of which is subendocardial only and other portions that are transmural. The papillary muscle is totally necrotic; 
LA = left atrium. e, another portion of the posterior left ventricular free wall with posteromedial papillary muscle (P) midway between base and 
apex. Here there is considerable fibrous scarring (light areas) with only small islands of necrosis (arrows). f, basal portion of the left ventricular 
free wall in another area showing only subepicardial scarring (light areas demarcated by broken line); PML — posterior mitral leaflet; LA — left atrium. 
a, b, and c; Movat stain X 16, 25 and 65, respectively, reduced by 20 percent; d, phosphotungstic acid-hematoxylin stain (X2.5, reduced by 20 N 


percent); e, f, hematoxylin-eosin X5, reduced by 20 percent. 


1100 June 1979 The American Journal of CARDIOLOGY Volume 43 





MYOCARDIAL INFARCTION IN HYPERTROPHIC oio, oe ET AL. 


tricular thrombi usually occur in the setting of markedly 
diminished cardiac output it is not surprising that they 
have not been observed in patients with hypertrophic 
cardiomyopathy and nondilated ventricles. 

Etiology of transmural infarction: The etiology of 
transmural myocardial infarction in patients with hy- 
pertrophic cardiomyopathy and without significant 
coronary atherosclerosis is unclear. Several causes ap- 
pear to be possible. First, the cardiac mass may have 
been too great for the existent coronary blood supply 
and its capacity to deliver oxygen to the myocardium. 
This possibility is suggested by the findings in Patient 
3, who had a massive heart weighing 1,250 g (although 
the patient weighed only 47 kg). However, this expla- 
nation is untenable for the other six patients with 
transmural infarction because their heart weight did not 
exceed 580 gs. Second, myocardial infarction could 
have been due to an occluding embolus of a major 


qunm 


metarc Dp system 





FIGURE 13. Case 1. Transmural myocardial fibrosis in ventricular 
septum. a, in a transversely cut section of the heart, an extensive septal 

* infarct is demarcated by the broken line; LV'and RV = left and right 
ventricle, respectively. barea of infarction (outlined by broken line) 
shown at higher magnification. c, histologic section of the transmural 
infarct showing extensive replacement fibrosis; taken from area shown 

fin a and b (phosphotungstic acid-hematoxylin X3, reduced by 35 per- 
cent). 


coronary artery, which subsequently lysed.?9-4? In 
Patient 5 a partially organizing embolus (of unknown 
origin) was present in the right coronary artery. How- 
ever, this patient had a relatively discrete transmural 
infarct of the ventricular septum and the posterobasal 
region of the left ventricular wall; hence, if an embolus 
to a single coronary artery had been responsible for in- 
farction in any of the other study patients, the resultant 
areas of scarring would probably not have been as ex- 
tensive as those observed. Although we cannot rule out 
the possibility that multiple, small coronary emboli were 
responsible for our findings, the lack of clinical evidence 
of systemic emboli elsewhere in the other six patients 
makes this hypothesis unlikely. 

Third, it is possible that infarction in our patients 
was related, at least in part, to narrowing of the in- 
tramural coronary arteries. Particularly marked 
thickening of the walls and narrowing of the lumens of 
numerous intramural coronary arteries was present in 
the left ventricular myocardium in six of the seven pa- 
tients with transmural infarction. Although abnor- 
malities of the intramural coronary arteries have been 
reported in a wide variety of cardiac or systemic dis- 
eases,*? the arterial alterations identified in the patients 
with hypertrophic cardiomyopathy and transmural 
infarction constitute, in our experience, the most 
widespread and marked example of “small vessel dis- 
ease." Nevertheless, because abnormal intramural 
coronary arteries were not present in one of our patients 
with transmural myocardial infarction, the causal 
relation between these two abnormalities cannot be 
considered definitive. Fourth, recent studies have 
shown that myocardial infarction may be precipitated 
by coronary spasm in vessels either with or without 
atherosclerotic plaques.**-*8 Although it is possible that 
vasospasm (of either the extramural or abnormal in; 
tramural coronary arteries) was responsible for myo- 
cardial infarction in our patients with hypertrophic 
cardiomyopathy and "normal" extramural coronary 
arteries, we cannot be definitive about such a mecha- 
nism. 

Finally, brief periods of hypoxia or hypotension 
might have been responsible for the transmural myo- 
cardial scarring observed in certain of our patients. For 
example, in Patient 1 it is most likely that the myocar- 
dial infarction either preceded or caused the cardiac 
arrest (based on a histologic assessment of the age of the 
infarct). However, we cannot definitively exclude the 
possibilities that the patient had a cardiac arrest due to 
a primary arrhythmia and that the infarct was a con- 
sequence of hypoxia or resuscitative efforts, or both, at 
the time of arrest. Ten weeks before death, Patient 7 
had a severe episode of bradycardia associated with 
hypotension. However, it seems unlikely that the ex- 
tensive myocardial scarring in this patient could have 
been due to this relatively brief period of hypoten- 
sion. 
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plus a catecholamine depietor should therefore be 
closely observed for evidence of hypotension 
and/or marked bradycardia which may produce 
vertigo, syncope, or postural hypotension 


Long-Term Animal Studies: Long-term studies in 
animals have been conducted to evaluate toxic ef- 
fects and carcinogenic potential. In a one-year 
study in dogs, there was no evidence of drug- 
induced toxicity at or below oral doses of 10 

mg/kg per day. Two-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per cay did not 
indicate an increase in the development of spon- 
taneously occurring benign or malignant neo- 
plasms of any type. The only histologic changes 
which appeared to be drug-related were an in- 
creased incidence of generally mild focal accumu- 
lation of foamy macrophages in pulmonary alveoli 
and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease 
entity in man. In a 21-month study in mice at three 
oral dose levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more fre- 
quently in female mice receiving the highest dose 
than in untreated control animals. There was no in- 
crease in malignant lung tumors or total (benign 
plus malignant) lung tumors. The overall incidence 
of tumors or malignant tumors was also unaffected 
by metoprolol administration 


Usage in Pregnancy: Reproduction studies in 
animals did not reveal any evidence of impaired 
fertility or of teratogenic potential. There was evi- 
dence in the rat of increased postimplantation loss 
and decreased neonatal survival (threshold be- 
tween 50 and 500 mg/kg). Distribution studies in 
mice confirm exposure of the fetus when metoprolol 
is administered to the pregnant animal. There are 
no well-controlled studies in pregnant women 
Lopressor, brand of metoprolol tartrate, should be 
used in pregnant women only when clearly needed 


Nursing Mothers: It is not known whether this drug 
is excreted in human milk. Since most drugs are 
excreted in human milk, nursing should not be 
undertaken by mothers receiving metoprolol 


Usage in Children: Safety and effectiveness in 
children have not been established 


Adverse Reactions Most adverse effects have 
been mild and transient 


Central Nervous System: Tiredness and dizziness 
have occurred in about 10 of 100 patients. Depres- 
sion was reported in about 5 of 100 patients. 
Headache, nightmares, and insomnia have also 
been reported but drug relationship is not clear. 


Cardiovascular: Shortness of breath and 
bradycardia have occurred in approximately 3 of 
100 patients. Cold extremities, Raynaud's disease 
palpitations and congestive heart failure have been 
reported. See Contraindications, Warnings, and 
Precautions. 


Respiratory: Wheezing (bronchospasm) has been 
reported in less than 1 of 100 patients. See 
Warnings. 


Gastrointestinal: Diarrhea has occurred in about 5 
of 100 patients. Nausea, gastric pain, constipation 
flatulence, and heartburn have been reported in 1 of 
100 or less 


Allergic: Pruritus has occurred in less than 1 of 100 
patients 


Miscellaneous: Peyronie's disease has been re- 
ported in less than 1 of 100,000 patients. 


The oculomucocutaneous syndrome associated 
with the beta blocker practolol has not been re- 
ported with Lopressor, brand of metoprolol tartrate, 
during investigational use and foreign marketing 
experience 

Potential Adverse Effects: In addition, a variety of 
adverse effects not listed above have been re- 
ported with other beta-adrenergic blocking agents, 
and should be considered potential adverse effects 
of metoprolol 


Central Nervous System: Reversible mental de- 
pression progressing to catatonia: visual distur- 
bances; hallucinations; an acute reversible syn- 
drome characterized by disorientation for time and 
place, short-term memory loss, emotional lability, 
Slightly clouded sensorium, and decreased per- 
formance on neuropsychometrics 


Cardiovascular: Intensification of AV block (see 
Contraindications). 


Hematologic: Agranulocytosis, nonthrombo- 
cytopenic purpura, thrombocytopenic purpura 


Allergic: Erythematous rash. fever combined with 
aching and sore throat, laryngospasm and respira- 
tory distress 


Miscellaneous: Reversible alopecia 


Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phos- 
phatase, lactate dehydrogenase 


Dosage and Administration Dosage of Lopressor, 
brand of metoprolol tartrate, should be indi- 
vidualized. The usual initial dose is 50 mg twice 
daily whether used alone or added to a diuretic 
The dosage may be increased at weekly (or longer) 
intervals until optimum blood pressure reduction is 
achieved. In general, the maximum effect of any 
given dosage level will be apparent after one week 
of therapy. Usual maintenance dosage is approx- 
imately 100 mg twice a day, with a range of 100 to 
450 mg per day. Dosages above 450 mg per day 
have not been studied. While twice-daily dosing is 
effective and can maintain a reduction in blood 
pressure throughout the day, some patients, espe- 
cially when lower dosages are used, will experi- 
ence a modest rise in blood pressure toward the 
enc of the 12-hour dosing interval. This can be 
evaluated by measuring blood pressure near the 
end of the dosing interval to determine whether 
satisfactory control is being maintained throughout 
the day. If control is not adequate, a larger dose, or 
three times daily therapy, may achieve better con- 
trol. Beta, selectivity diminishes as dosage of 
Lopressor, brand of metoprolol tartrate, is 
increased. 


This drug should be stored at controlled room tem- 
perature and protected from moisture 


How Supplied Tablets of 50 mg (capsule-shaped, 
scored, light red, film-coated) and 100 mg 
(capsule-shaped, scored, light blue, film-coated) 
are supplied in bottles of 100 and 1,000 and Unit 
Dose Packages of 100 

Store at controlled room temperature and protect 
from moisture 
PRINTED IN U.S.A. 


667290 (8/78) C78-38 
Before prescribing or administering, please 
consult complete product information. 


Manufactured by Distributed by: > 
CIBA-GEIGY Canada Ltd GEIGY Pharmaceuticals 
Dorval, PQ. Canada H9S1B1 Division of CIBA-GEIGY 
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Two new Lithium Pulse Generators 

from Siemens-Elema, 
- the people who pioneered with the 
' first implanted pacemaker in 1958. 


Dr. Rune Elmavist of Siemens-Elema and Dr. Ake Senning developed the pulse generator implanted by Dr. Senning in 1958 for the world's first pacemaker implantation. 


The small, lightweight, 
anatomically contoured, 
, ventricular inhibited 208. 





| * Small (36 cm?) and 
. lightweight (76 g.). 
€ Soft, convex-concave design. 


e Hermetically sealed 
titanium encapsulation. 


* Highly reliable hybrid circuitry. 


e Lithium-lodine power source. 


e Two separate battery 
depletion indicators. 


e Tangential lead connection. 





WRITE 
FOR 208 
BROCHURE 





SIEMENS-ELEMA 


U.S. Pacemaker Division, Elema-Schonander, Inc. 
Box 128, Elk Grove Village, Illinois 60007; (312) 640- 0490; 
World Headquarters, Pacemaker Division, S17195, Solna, Swede 


The unique Vario" non-invasive 
threshold measurement system 
in the ventricular inhibited 629. 


Stat Vaewr euet 
i uad 


Nr 











e Magnet placed over implanted 


generator initiates test sequence: 
Battery test ee (phase 1). 
Vario cycle (phase 2) for 
threshold determination. 


e Compatible pin-type leads. 
e Hermetically sealed 
titanium encapsulation. 
e Lithium-lodine power source. 


e Two separate battery 
depletion indicators. 


WRITE 
FOR 629 
BROCHURE 












ine ES EP 
Hypoglycemia —-— 
ES | One of the 

Most Frequently 
Overdiagnosed 
Diseases! 





Here at last 

is an objective study of 
essential reactive 
hypoglycemia . . . definition, 
recognition, pathology, 
etiology, and treatment. 


Editors: 


D. Andreani, MD, Prof. of Clinical Endocrinology. Univ. of Rome 
P. Lef&bvre, MD, Dept. of Medicine, University of Liege 
V. Marks, DM, Prof., Dept. of Biochemistry, Univ. of Surrey 


This European (Rome) Symposium was the first free inter- 
change of ideas among scientists in the various medical dis- 
ciplines—physiology, internal medicine, endocrinology, clin- 
ical biochemistry, etc.—necessary to the understanding, 
diagnosis and treatment of hypoglycemia. The concentration 
was on the various aspects cf insulin-producing tumors and 
the vexed question of essential reactive hypoglycemia. Spe- 
cial attention was given to the widespread misinterpretation 
of laboratory data relating to the prolonged oral glucose test 
which has resulted in the erroneous belief that “millions 
suffer from hypoglycemia.” 

Send for this fascinating publication on a 30 day free trial 
basis. Keep it only if more than pleased. 

HYPOGLYCEMIA has been carefully edited to simplify 
readability and comprehension. A brief summary allowing for 
quick review precedes each article. 


135 double-column pages, 126 illustrations, figures, 
tables, $23.00 








Yorke Medical Books AJC-6/79 
666 Fifth Avenue, New York, N.Y. 10019 


Please send me a copy of HYPOGLYCEMIA 
for 30 days’ free examination and use at 


$23.00 (money back if you return book). 








NAME 
(PLEASE PRINT) 
ADDRESS. 
CITY STATE ZIP 





O Full Payment enclosed, publisher absorbs shipping cost. 


O Bill me, plus cost of shipping. 


In New York State add appropriate sales tax 
Distribution in Europe, Africa and Asia— 


—Georg Thieme Publishers, Stuggart. 
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FOR DEEP INTRAMUSCULAR INJECTION ONLY. 

Indications: In treatment of infections due to penicillin G-sensitive micro- 
organisms susceptible to the low and very prolonged serum levels common to 
this dosage form. Thárepy should be guided by bacteriological studies 
(including sensitivity &sts) and clinical response. 

The following infections usually respond to adequate dosage of IM peni- 
cillin G benzathine. 

Streptococcal infections (Group A—without bacteremia). Mild to 
moderate upper respiratory infections (e.g., pharyngitis). 
Venereal infections — Syphilis, yaws, bejel, and pinta. 

Medical conditions in which penicillin G benzathine therapy is indicated 
as prophylaxis: 

Rheumatic fever and/or chorea — Prophylaxis with penicillin G benzathine 
has proven effective in preventing recurrence of these conditions. It has 
also been used as fallowup prophylactic therapy for rheumatic heart disease 
and acute glomerulonephritis. 

Contraindications: Previous hypersensitivity reaction to any penicillin. 
Warnings: Serious and occasionally fatal hypersensitivity (anaphylactoid) 
reactions have been reported. Anaphylaxis is more frequent following 
parenteral therapy but has occurred with oral penicillins. These reactions 
are more apt to occur in individuals with history of sensitivity to multiple 
allergens. Severe hypersensitivity reactions with cephalosporins have been 
well documented in patients with history of penicillin hypersensitivity. Before 
penicillin therapy, carefully inquire into previous hypersensitivity to penicillins, 
cephalosporins and cther allergens. If allergic reaction occurs, discontinue 
drug and treat with usual agents, e.g., pressor amines, antihistamines and 
corticosteroids. 

Precautions: Use cautiously in individuals with histories of significant 
allergies and/or asthma. 

Carefully avoid intravenous or intraarterial use, or injection into or near 
major peripheral nerves or blood vessels, since such injection may produce 
neurovascular damage. 

In streptococcal infections, therapy must be sufficient to eliminate the 
organism, otherwise the sequelae of streptococcal disease may occur. Take 
cultures following completion of treatment to determine whether streptococci 
have been eradicated. 

Prolonged use of antibiotics may promote overgrowth of non-susceptible 
organisms including fungi. Take appropriate measures if superinfection occurs. 
Adverse Reactions: Hypersensitivity reactions reported are skin eruptions 
(maculopapular to exfoliative dermatitis), urticaria and other serum sickness- 
like reactions, laryngeal edema and anaphylaxis. Fever and eosinophilia may 
frequently be only reaction observed. Hemolytic anemia, leucopenia, 
thrombocytopenia, neuropathy and nephropathy are infrequent and usually 
associated with high parenteral doses. 

As with other antisyphilitics, Jarisch-Herxheimer reaction has been 
reported. 

Composition: (units penicillin G benzathine as active ingredient in aqueous 
suspension): 300,000 units per ml — 10-ml multi-dose vial. Each ml also 
contains socium citrate buffer, approximately 6 mg lecithin, 3 mg povidone, 
1 mg carboxymethylceliulose, 0.5 mg sorbitan monopalmitate, 0.5 mg 
polyoxyethylene sorbitan monopalmitate, 1.2 mg methylparaben and 

0.14 mg propylparaben 

600,000 units in 1-m! TUBEX* (sterile cartridge-needle unit) Wyeth, 
packages of 10. 

900,000 units, 1.5-mi fill in 2-ml TUBEX, packages of 10. 

1,200,000 units in 2-ml TUBEX, packages of 10, and in 2-ml single-dose 
disposable syringe, packages of 10. 

2,400,000 units in 4-ml single-dose disposable syringe, packages of 10. 

Each TUBEX or disposable syringe also contains sodium citrate buffer and, 
as w/v, approximately 0.5% lecithin, 0.6% carboxymethylcellulose, 0.6% 
povidone, 0.1% methylparaben and 0.01% propylparaben. 


Copyright©1978, Wyeth Laboratories Division of American Home 
Products Corporation, N.Y., N.Y. All rights reserved 


BICILLIN LA 
STERILE PENICILLIN G 
ENZATHINE SUSPENSION) 


Wyeth 


| { Philadelphia, Pa 19101 
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Why your hospital needs a 
defibrillator on every floor. -) 


All hospital elevators are notoriously slow. And si 
with good reason, because in a hospital, the elevators 
are really freight elevators to move people and 
patients, equipment and supplies. 
But when a life is ticking away, you can't afford to 
be waiting for the elevator. Will it come straight down? 
Or will it stop on another floor to pick up a patient 
on a gurney or to move on a food cart or to pick up 
linen or to transport visitors? Who knows? All you 
really know is that a life is ticking away and you re 
waiting for the elevator. 
Considering what's at stake, and considering the 
relatively low cost of defibrillators, your hospital 
cant possibly makea wiser investment than installing 
an emergency cart on every floor. A Physio-Contro! \ 
emergency cart. Topped by a Physio-Control 
Lifepak 6 defibrillator/monitor. Then you're pro- 
tected. And so are your people. And so are 
your patients. 
The time to do it is now. 





Only Physio-Control 
makes the Lifepak” 


Lifepak and Physio-Control are registered trademarks of Physio-Control Corporation. World leader in acute cardiac care systems 
11811 Willows Road, Redmond, Washington 98052/(206) 883-1181/Telex: 32-0166 Cable: PHYSIO/RED 





® 1 The established use of Isordil in the manage- 
hee ment of angina pectoris for more than two 
m decades has often been ascribed only to the vaso- 


j à 5 DP ~ pitt it produces in the coronary arteries. 
* ecent investigations, however, suggest that an 
(isosorbide dinitrate) even more important effect of this agent is to 
5 dilate peripheral arteries and veins. Arterial dila- 

tation lowers impedance to left ventricular ejec- 
HELPS THE Hk ART tion, reducing afterload. Venous dilatation leads 
to venous pooling and a fall in right and left ven- 
: tricular filling pressure, thus reducing preload. 
ES THE CONTROL DF With afterload and preload reduced, the 
amount of energy expended and oxygen con- 
i * sumed by the heart should be decreased. Isordil 
ANGIN A PECTORIS canthus reduce myocardial oxygen requirements 
->and relieve or prevent attacks of angina pectoris. 
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paingina attacks ‘titration of dosage to 
Beil? SUBLINGUAL revent angina attacks 
üblidpual Tablets; 2:5 mg and 5 mg ORDIS. TITRADOSE* + | 


RDIS CHEWABLE Oral Tablets with E.Z. Split? scoring: 


IL" TEMBIDS® | 
? Tablets, 10 mg 5 mg, 10.mg, and 20 mg i Capsules 


əd-Action Capsules, 40 











tons: Based onla review of this drug by the National Academy of 

; National Research Council and/or other information, FDA has 

assifiedithe indications as follows: 

‘Prdpably” effective: When taken by the sublingual or chewable route, 
Sub and Chewable Tablets are indicated for the treatmerit of 

Wags and for prophylaxis in situations likely to provoke 


s of cerebral ischemia associated with 
asionally develop drug can act as a 
repinephrine, acetylcholine, histamine, and 
sional individual exhibits marked sensitivity to 
itrite, and Severe responses (nausea, vomiting, 
; Pallop perspiration and collapse) can occur even 
eutic dose. Alcohol may enhance this effect. Drug rash 







S oral route, Isordil is indicated for with the usual 


of eerone ary disease). It is not in- 
tended to abort the acute ami episode, but is widely regarded as 
useful in the prophylactic treatment of angina pectoris. 

Final classification pf the less-than-effective indications requires further 
investigation. 


and/onex é dermatitis may occasionally occur. 
F thx 
Consult direction circuler before prescribing. 
: May we send you reprints, detailed information and/or professional 
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Contraindication: Idiosyncrasyto this drug. = ;É 

* Warnings: Data supporting the us itrites duri the early days of the 
acute phase of myocardial sit clon i a which clinical and IVES LABORATORIES INC. 
laboratory findings are unstable) are insufficient to*establish safety. New York, New York 10017 


Precautions: Tolerance to this drug and cross-tolerance to other nitrites-and DEDICATED TO IMPROVING THE QUALITY OF LIFE THROUGH MEDICINE® 
nitrates may occur. TU S Pat. Nos. 3883647 and 022459) TEMBIDS* — TRADEMARK FOR SUSTAINED:ACTION CAPSULES 








Reporting on the day’Sevents... 





The New 


CAMSCAN 


System 





accurate, verifiable, clinically valuable 
Holter information. 


O an informative, intuitive arrhythmia report, indexed to the minute, the central 
element in vour scanning report, serves also as a roadmap to reduce the time 
required for the manual scan. 

O each CAMSCAN System Arrhythmia Report is verifiable through two independent 
means: 
first verification: take advantage of the to-the-minute accuracy of the system and 
rapidly examine two or three places on the tape corresponding to periods of high 
activity on the CAMSCAN System Report. 
second verification: during the documentation (manual) scan, program three 
audible tones to sound whenever various arrhythmias are detected— perform an 
audio vs visual check for false classifications. 


Time at wes of hour 
Total beats in hour [1] 


Rac of isolated VPBS in hour [2] 


bo 
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i X10 = HEART RATE 


CAMSCAN™ 
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Total VPBS trend 
(scale 0-20* per minute) 


e 
[5] Clinical 
correlations 


Heart rate trend 
(scale 0-200* per minute) 
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AO American Optical 1063 





X107 HEART RATE 


2°AV block 


Minimum and maximum 
heart rate trend (scale [11] 
0-200* per minute) 


Total episodes of 
couplets and VT trend 
(scale 0-20+ per minute) 


Numbers of VPBS in 
longest run of VT 


Runs of VT in hour [9] 
Couplets in hour 


A better way to repo 





rt cardiac events: 


í The CAMSCAN System Arrhythmia Report. 


O trends number of heartbeats in each minute (4). 


O trends minimum and maximum heart rate in each 
minute (11), thereby highlighting sinus pauses and 
blocks (12) that an operator may miss. 

C] counts and prints number of heartbeats in each 
hour (1). 

O trends total VPB's (3) as well as episodes of couplets 
and V-tach (7) in each minute. 

O counts and prints isolated VPB's (2), couplets (10), 
and runs of V-tach (9) in each hour in accordance 
with commonly used arrhythmia classifications. 


O counts and prints number of VPB's in longest run of 
V-tach (8). 

O shows short runs of V-tach usually as increased 
maximum heart rate (6). 

O shows clearly relationships between heart rate and 
ventricular ectopic activity, both with respect to 
each other and with respect to time (5). Heart rate 
and ectopic events can then also be easily corre- 
lated with event marks and the patient's activities, 
symptoms, and medications. 

O summarizes data from a 24-hour CAMSCAN System 
tape in just 13 minutes of unattended scan. 


To get more information on wbat tbe unique features and benefits of 
tbe CAMSCAN System can mean in your practice, contact your local AO representative. 
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The CAMSCAN System 


takes full advantage of recent advances in electronics. 


The CAMSCAN System contains the 
latest in microprocessor technology 
and offers superior value and capa- 
bility over previous equipment. In 
designing the CAMSCAN System, en- 
gineers of the American Optical Med- 
ical Division have drawn on years of 
expertise with CAMS* for patient 
monitoring in the ICU and the CCU as 
well as years of Holter design experi- 
ence. The result is a new-generation 
Holter system that, in addition to its 
highly informative arrhythmia report, 
offers a long list of important features. 
Some of them are: 





O large, bright display screen—up to 64 seconds of ECG can be frozen for fast, easy review of 
events of interest. 


O scanner can be programmed to stop at up to 20 diary entries, hourly intervals as well as event 
marks to reduce operator fatigue and provide higher quality reports. 


O scanner can be programmed also to stop at any combination of five categories of arrhythmias for 
easier, more error-free scanning. 


O scanning speed is selectable at either 60X or 120X. 

O two-channel paper strip recording operates at twice normal speed to save time 
O each ECG strip shows patient time, ID number, and gain (size) setting. 

L] two ECG channels for maximum diagnostic information. 


O crystal-controlled timing track recorded on the tape for precise time designation of 
cardiac events. 


O event marker supplements diary information. Does not interrupt the ECG or timing channels. 
O built-tn calibrator is standard equipment providing convenience and economy. 
C] permits playback of reel-to-reel tapes. 


a full line of CAMSCAN System accessories 


patient hookup kits/pregelled disposable electrodes/cassettes/patient information booklets/patient 
diaries/chart paper/head cleaner kits/user manuals/test cables/patient cables 


supported by superior customer services 

O our customer service organization is staffed by electronics technicians who understand the 
principles of ambulatory cardiography. 

[O sixty-six service locations backed by five regional service stations that have extensive parts and 
consumables inventories. 

O in-service performed by experienced registered nurses. 


The New 
CANISCAN / 5 
Holter monitoring benefits | Amean OAKA MEDICAL DIVISION 
i System Crosby Drive, Bedford, MA 01730 
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Occlusive Disease Confined to the Right Coronary Artery: 
-Clinical Features, Surgical Treatment and 


Long-Term Follow-Up in 124 Patients 


MICHELE A. CODINI, MD, FACC 
PHILIP W. HASSAN, MD 
“ROBERT G. HAUSER, MD 
MARSHALL D. GOLDIN, MD 


-<> JOSEPH V. MESSER, MD, FACC 


- Chicago, Illinois 


From the Section of Cardiology and Department 
of Cardiovascular Thoracic Surgery, Rush-Pres- 
byterian St. Luke's Medical Center, Chicago, Hi- 
nois. Manuscript received October 27, 1978; re- 
vised manuscript received January 2, 1979, ac- 
cepted January 3, 1979. 

Address for reprints: Michele A. Codini, MD, 
Rush-Presbyterian-St. Luke's Medical Center, 


| ..Chicago, illinois 60612. 


The clinical presentation and surgical results in 124 consecutive patients - 
who underwent aorta to right coronary arterial bypass surgery from 
January 1970 through June 1977 were reviewed. Preoperatively, 75 _ 
percent of the patients were in New York Heart Association functional 
class lii or IV, 9 percent presented with unstable angina and 5 percent had 
life-threatening ventricular arrhythmias. All patients had high grade oc- 
clusive disease confined to the right coronary artery; 34 percent of the 
patients had associated nonsignificant disease (less than 50 percent in- 
traluminal narrowing) of the left anterior descending or circumflex artery. 
Left ventricular function was normal in 63 percent and minimally impaired _ 
in 37 percent. The operative mortality rate was 1.6 percent. The course 
of the 122 survivors was followed up for 3.7 years. There were four late | 
deaths, and the 5 year mortality rate was 4.0 percent. Eight patients were 
reoperated on because of recurrence of symptoms and occlusion of the 
graft or progression of occlusive disease of the other major coronary ar- 
teries, or both. Of the remaining 110 patients, 98 are either in functional 
class | or il, 60 are taking no cardiovascular medications, 52 are working : 
full time without angina and 73 are asymptomatic. In summary, bypass 
surgery for isolated right coronary artery disease has a low mortality rate : 
and results in excellent long-term symptomatic improvement. : 

















Myocardial revascularization using aortocoronary saphenous vein bypass 
grafts for patients with coronary arterial occlusive disease has been en- d 
thusiastically accepted because the procedure results in a high rate of 
symptomatic relief and in low surgical mortality rate.!-* Although studies . E: 
on the natural history of coronary atherosclerotic disease using coronary _ 
arteriography? have defined subsets of patients who are at various __ 
degrees of risk of death, data are still inadequate on both the clinical. . 
course of patients with significant obstructive lesions confined to the . 
right coronary artery?? and the effects of bypass surgery on their long- cut 
term survival. Only the long-term results of double blind, randomized - 
studies comparing the bypass procedure with standard medical therapy 
will ultimately establish its value as a treatment for isolated obstructive — 
disease of the right coronary artery.!?-!? As an interim measure we. 

critically analyzed the clinical presentation and the surgical results in - 
124 consecutive patients who underwent aorta to right coronary bypass 
surgery. 










Methods ; 

Patients: One hundred twenty-four patients underwent saphenous vein Dy- 

pass grafting of the right coronary artery in this institution as an isolated pro- 

cedure between January 1970 and June 1977. Ninety-six patients were men and 
28 were women. The mean age was 53 years (range 25 to 69). The age and se 

distribution of the patients are shown in Figure 1. All had a high grade occlusive 
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RIGHT CORONARY ARTERY DISEASE—CODINI ET AL. 
s 


FEMALES: 28 [C] MALES: 96 


NUMBER OF PATIENTS 





Ld Pa A 
20-29 30- 39 40-49 50-59 60-69 
DECADE 


> FIGURE 1. Age and sex distribution by decade in 124 patients with 
-occlusive disease confined to the right coronary artery. 


-lesion (greater than 75 percent narrowing of the intraluminal 
diameter or total occlusion) confined to the proximal or mid 
_ portion of the right coronary artery and insignificant (less than 
50 percent narrowing) occlusive disease of the left anterior 
"descending or the left circumflex artery, or both. Patients 
: undergoing right coronary bypass were excluded if they had 
` prior revascularization procedures or had congenital heart 


disease, a surgically resectable ventricular aneurysm or val- 


:-vular heart disease (other than mitral insufficiency thought 
-to be secondary to ischemic heart disease). The selection of 
“patients for bypass graft surgery was based on severity of 
— symptoms, anatomic severity of the coronary lesions, the 
< apparent integrity of the myocardium in the region perfused 

by the right coronary artery as well as, in part, the preference 








“TABLE |! 
< Preoperative Variables Relative to Patient's History 
Patients 

no. % 

Duration of angina (mo) 
0-5 33 27 
6-12 29 23 
13-24 21 17 
25-60 21 17 
= >60 20 16 
. Unstable angina 11 9 
History of previous MI 42 34 

NYHA functional class 

I ` 3 2 
if 28 23 
i 47 38 
iv 46 37 
History of hypertension 37 30 
=: History of diabetes 14 11 
History of CVD 3 2 
History of PVD 23 18 
History of increased serum cholesterol 21 17 
History of cigarette smoking 93 75 
| Family history of CHD 69 56 





a. = coronary heart disease; CVD = cerebral vascular disease; 
= myocardial infarction; NYHA = New York Heart Association; PVD 
= d inier vascular disease. 
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of the patient and his attending cardiologist. No attempts were 
made to assess the effectiveness of medical therapy in a par- 
ticular patient. 

Follow-up: Follow-up information concerning angina 
pectoris, myocardial infaretion, functional classification, ex- 
ercise stress test results and survival was obtained from the 
hospital charts and by telephone calls to the physician, the 
patient or his or her family. Three patients were lost to the 
postoperative follow-up studies, two after 1 year and one after 
2 vears; with inclusion of these patients the mean follow-up 
time was 3.7 years (range 1.0 to 7,5) after operation. All pa- 
tients had a standard 12 lead electrocardiogram taken within 
a few days before operation and serial tracings after operation 
beginning with one taken immediately on arrival in the re- 
covery room. Electrocardiographic evidence of previous 
myocardial infarction and the occurrence of a perioperative 
myocardial infarction were assessed using the criteria of the 
Minnesota Code.i*: 

Angiography: Most of the coronary angiograms were 
performed accórding to the Judkins technique, although a 
small number were obtained using the Sones method. Angi- 
ographic estimate of degree of stenosis was based on decrease 
in diameter as judged in two projections to estimate reductions 
in lumen in terms of loss of cross-sectional area.!? Stenoses 
of 75 percent or more were further subdivided into the fol- 
lowing categories: 75 percent or more to less than 9096, 90. 
percent or more to less than 100 percent. and 100 percent ob- 
struction. Left ventriculograms performed in the 30? right 
anterior oblique projection were available for analysis in 110 
(90 percent) of the cases. Ventricular function was evaluated 
on the basis of ejection fraction, according to the method of 
Sandler and Dodge,!9 cardiac size, contraction abnormalities 
and left ventricular end-diastolic pressure. Abnormal left. - 
ventricular function was defined as the presence of at least one 
of the following: (1) an ejection fraction of less than 50 percent, 
(2) one or more contraction abnormalities as demonstrated 
by any akinetic, hypokinetic or dyskinetic ventricular seg- 
ment, (3) enlarged cardiac size ón angiography as judged 
subjectively, or (4) left ventricular end-diastolic pressure 
greater than 14 mm Hg at rest. 

Surgery: Cardiopulmonary bypass was employed in 109 
of 124 patients. In the majority, aortic cross-clamping was not 
utilized. In 18 patients a right coronary endarterectomy was 
performed before bypass grafting. In 15 patients right coro- 
nary arterial bypass was performed without CirtOpE DN 
bypass. 

Before and after operation all patients were given broad 
spectrum antibiotic therapy. The majority of patients received 
sodium warfarin from the 3rd day after the operation and 
continued to receive it for several months after operation. 'The. 


TABLE ii 


Extent of Electrocardiographic Abnormalities in 124 
Patients 








Patients 

no. % 

Nermal §3 44 
inferior or posterior infarction 30 24 
Resting ST-T wave abnormalities 26 21 
Left axis deviation 6 5 
Left ventricular hypertrophy 4 3 
Ventricular conduction defects 3 2 
Ventricular tachyarrhythmias 6 5 
Ventricular tachycardia 4 or 
Ventricular fibrillation 2 : 
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i 
average duration of the hospital stay was 12 days (range 7 to 
55k E 

We caleulated the cumulative survival rates using the 
actuarial life-table method of Cutler and Ederer.!? 
Results 


Clinical and Angiographic Baseline Features 








.... The distribution of several variables relating to the 

_ patients’ past history is displayed in Table I. Fifty 

percent of the patients had had angina for 1 year or less; 

9 percent presented with unstable angina and 75 per- 

cent were classified as belonging to functional class III 

or IV of the New York Heart Association.!? Of the three 

patients in functional class I, one had had a cardiac ar- 

rest 6 months before operation. The second patient had 

been hospitalized twice in the preceding 24 months 

because of severe myocardial ischemia and was treated 

.. with digitalis and propranolol. The third patient was a 

^ . 4] year old man with a family history of sudden coro- 

nary death who had an episode of angina 1 month before 

operation. Cardiac catheterization and coronary arte- 

riography demonstrated normal left ventricular func- 

tion and an isolated 80 percent proximal stenosis of the 

right coronary artery. Previous coronary arteriograms 

in this patient, obtained at age 37 years while he was 

completely asymptomatic, had revealed a 30 percent 
proximal stenosis of the right coronary artery. 

Of 93 patients in functional classes III and IV at the 

time of hospitalization for surgery, 65 patients (70 

percent) were receiving long-acting nitrates or pro- 

—. pranolol (44 and 41 patients, respectively) in addition 

|. tosublingual nitroglycerin. Of 37 patients with a history 

_ of hypertension, 10 (27 percent) were receiving anti- 

hypertensive medication and of 21 patients with a his- 

tory of increased serum cholesterol, 11 (52 percent) were 

receiving clofibrate. 

The extent of electrocardiographic abnormalities is 

summarized in Table II. Of six patients (5 percent) who 

had major ventricular tachyarrhythmias, three required 











TABLE Hi 
Ventriculographic Baseline Variables in 110 Patients 








Patients 
no. 9 
LV function 
Normal 69 63 
Abnormal 41 37 
jUV size 
Normal 98 89 
Enlarged 12 11 
LV contraction abnormalities 32 29 
LV ejection fraction (96) 
>65 92 84 
50 to 64 14 13 
. «50 : 4 4 
LV end-diastolic pressure (mm Hg) 
Wo 0-14 92 84 
o 2414 18 16 
Mitral regurgitation 7 6 





* Ejection fraction was calculated in 110 patients. 
* LY = left ventricular, 
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direct current cardioversion. An exercise stress test 
(Master two step or treadmill stress test) was performed 
preoperatively in 52 patients; in 37 (71 percent) the test 
was reported as positive (1 mm or more S-T depression); 
in 14 patients it was negative. 

The ventriculographic baseline findings (Table IID 
indicate that 41 patients had some left ventricular ab- 
normality; 1 of these patients was in functional class I, 
12 patients were in class II, 17 in class HI and 14 in class 
IV. The severity of occlusive disease of the right coro- 
nary artery and the presence of disease in other vessels 
are shown in Table IV. jt 






Survival Analysis Ss 

There were two perioperative deaths (within 30 days. . 
of surgery), both secondary to a myocardial infarction, ©. 
resulting in a mortality rate of 1.6 percent. In both cases 
the patient was in functional class IV. One patient was 
a 44 year old woman who presented with unstable an- 
gina; she had a history of diffuse atherosclerotic vascular 
disease that included left carotid arterial stenosis and. 
bilateral subclavian steal syndrome. A left carotid 
endarterectomy had been performed 1 month before 
cardiac surgery. Significant postoperative complications 
occurred in 16 patients, including nonfatal myocardial 
infarction (4 patients), sternal dehiscence (4 patients). 
and postcardiotomy syndrome (3 patients). Myocardial 
infarction was the leading cause of postoperative mor- 
bidity and had an incidence rate of 5 percent with in- 
clusion of the two fatal myocardial infarctions noted 
earlier. 

There were four late deaths. In one patient whodied 
suddenly 8 months postoperatively, postmortem ex- 
amination was not carried out. Two other patients died — 
11 and 21 months, respectively, after operation, the first 
of a cerebral vascular accident secondary to malignant : 
hypertension and the second of carcinoma of the lungs. _~ 
The last patient died 6 years postoperatively of an acute 
myocardial infarction during cholecystectomy. Cardiac 
catheterization performed 1 year earlier because of re- 





TABLE IV 


Severity of Occlusive Disease of the Right Coronary Artery 
and Disease of Other Vessels in 124 Patients 











____ Patients 
no. % 
Disease of right coronary artery 
75% to.89% stenosis 32 26 
90% to 99% stenosis 59 47 
Total occlusion 33 27 
Collateral vessels 62 50 
Dominant* 120 97 
Balanced* 4 3 
Disease in other vessels 
<50% stenosis of LAD 22 18 
<50% stenosis of LCx 13 10 
<50% stenosis of LAD and LCx 7 6 





* Posterior descending coronary arteries originating from the right 
coronary artery. 

* Posterior descending coronary arteries originating from the right 
coronary and left circumflex coronary arteries. m 

LAD = left anterior descending coronary artery: LOx = left circumflex. 
coronary artery; RCA = right coronary artery. : 
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currence of symptoms had revealed severe triple vessel 

disease and an occluded bypass graft to the right coro- 
“Mary artery. . 

-=> Postoperative clinical outcome in 118 survivors 

`- at the time of latest follow up (Table V): Excluding 


... 8 patients who were reoperated on, 98 patients (85 


percent) were either in functional class I or IT; of these, 
68 had been in either class III or IV preoperatively. 
: Thirty-seven of 41 patients with preoperative left ven- 
tricular dysfunction and all 7 patients with mild mitral 
regurgitation were in functional class I or H postoper- 


atively. Sixty patients (54 percent) were receiving no 


cardiovascular medication, 9 (8 percent) were receiving 
sublingual nitroglycerin, 19 (17 percent) long-acting 
nitrates, 25 (23 percent) propranolol, 7 (6 percent) 


"antiarrhythmic medications, 11 (10 percent) antihy- 
-. pertensive medications and 10 (9 percent) clofibrate. 


-All six patients with major ventricular tachyarrhyth- 


mias preeperatively were alive and receiving no anti- 


arrhythmic medications. 

Coronary arteriography was performed postopera- 
tively in 18 patients (mean 24 months, after operation; 
range 3 to 59) because of recurrence of symptoms. A 


"stenotic or occluded graft was found in 13 (72 percent) 


. of this subgroup. Eight of the 18 patients had had sig- 


nificant progression (75 percent or greater luminal 


_ narrowing) of atherosclerotic occlusive disease of the left 
anterior descending or left circumflex artery, or both. 


_ Four patients received a second single vein bypass graft 


to the right coronary artery, two had double vein bypass 
grafts, one triple vein bypass grafts and one a single vein 
bypass graft to the left anterior descending coronary 
artery. 
->o Exercise stress tests were obtained in 32 patients 
during the follow-up period; they were positive in 7 
patients and negative in 25. Eleven of 18 patients with 
a positive test before operation had a negative test 


postoperatively. 


TABLE V 
<: -Postoperative Clinical Outcome in 118 Patients 





Patients 
(no.) 





LQ NYHA classification* 
a 


^: Postoperative coronary arteriography 18 
Stenosed graft 
Occluded graft 1 
Patent graft 


: in other vessels 
LAD graft 
LCx graft 
Patients reoperated on 
RCA graft 
LAD graft 
LAD + LCx grafts 
RCA + LAD grafts 
RCA + LAD + LCx grafts 


* Data from eight patients reoperated on are not included. 
LAD = left anterior nding coronary artery; LOx = left circumflex 
coronary artery; RCA = right coronary artery. 
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The subjective assessment of patients’ pain relief 
at the time of latest follow-up is presented in Figure 2. 
Sixty percent of the patients are entirely free of angina, 
and 43 percent of them have returned to full-time work 
or full physical activity, or both. Twenty-six percent of 
patients have decreased symptoms. Fourteen percent 
were considered to have derived no benefit from the 
initial procedure because of a recurrence of or increase 
in angina, a late myocardial infarction or death due to 
8 cardiovascular event. 


Discussion 


The effects of coronary bypass surgery on the natural 
history of ischemic heart disease may be assessed by 
various criteria: mortality versus increase in longevity, 
operative and postoperative morbidity, symptomatic 
relief and postoperative functional capacity. To assess 
adequately the value ef surgical intervention, an un- 
derstanding of the natural history of ischemic heart 
disease is necessary. Although numerous studies address 
this topic, the most accurate and reliable means of 
predicting survival has been obtained since the devel- 
cpment of coronary arteriography and left ventricu- 
lography. To our knowledge, only two studies’? fulfill 
the criteria of (1) adequate numbers of patients to allow 
statistical significance, (2). a minimum of 5 years' fol- 
low-up after angiography, and (3) homogeneity of 
groups studied, for example, single, double and triple 


. vessel disease. These studies confirm the relatively low 


mortality rate of single vessel coronary disease, and 
specifically of occlusive disease confined to the right 
coronary artery. Burggraf and Parker? state, “... the 
excellent prognosis in the group with single vessel dis- 
ease, particularly those with isolated right coronary 
artery narrowing, provides a strong argument against 
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17% [21] 


NO ANGINA, 
NOT WORKING 










3% [4] LATE CV 
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CHANGE 






26%(31] 
ANGINA, NOMI 


FIGURE 2. Symptomatic results in 121 patients at time of latest fol- 
low-up (mean 3.7 years, range 1.0 to 7.5). The data arg based on ex- - 
clusion of two patients who died at operation and one patient who died 
of carcinoma of the lung. CV = cardiovascular; MI = myocardial in- 
farction; Sx = symptoms; | = decreased; 1 = increased. row 


- 2/1106 dune 1979 The American Journal of CARDIOLOGY Volume 43 
















>. 
~ 


the application of surgical treatment to this group.” 
However, the studies mentioned did not classify pa- 
tients according to functional capacity and clinical 
status. In this regard several aspects of our study group 
-dese rve emphasis. In nearly all cases, surgical inter- 
a jon was undertaken for the relief of symptoms, 
| were severely incapacitating in 75 percent of our 
-patients (New York Heart Association class III or IV 
e preoperatively), although the majority had been treated 
th long-acting nitrates or propranolol, or both. Un- 
x. stable angina was the presenting feature in 9 percent, 
and 5 percent exhibited life-threatening ventricular 
tachyarrhythmias. 
Survival after surgical versus medical treatment 
of isolated right coronary artery disease: Being fully 
cognizant that only prospective double blind studies can 
"ultimately answer the question of the effects of coronary 
artery bypass surgery on the improvement of longevity, 
it is nevertheless informative to compare the yearly 
mortality rate of our patients with the two groups of 
. patients having angiographically documented ob- 

-structive disease. confined to the right coronary artery’? 
(Fig. 3). The 5 year mortality rate in our patients was 
4.0 percent, whereas that of the two medically managed 
groups ranges from 2 percent in the study of Burggraf 
and Parker? to 10 percent in that of Bruschke et al." It 
is widely accepted that coronary bypass surgery now 
plays a major role in the management of ischemic heart 
disease, with amelioration of symptoms often being the 
primary goal of the procedure. Various authors??? have 
reported that 60 to 70 percent of patients were com- 
pletely asymptomatic 12 to 24 months postoperatively, 
with approximately 90 percent experiencing symp- 
tomatic benefit. This may be contrasted with reports 
of patients managed medically,*?9?! of whom only 55 
percent had symptomatic improvement and 10 to 2596 
were free of angina 24 months after the diagnosis of 
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PERCENT SURVIVAL 
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FIGURE 3. Survival rates in two medically treated 
groups”? of patients with occlusive disease 
confined to the right coronary artery compared 
, With the survival rate obtained in our study. Sur- 
vivors of the medically treated groups were fol- 
lowed up for a minimum of 5 years. The numerals 
below the continuous line represent the number 
of patients followed up in our study. The vertical 
bars indicate the standard error of survival prob- 
“ability. 
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angina pectoris. More recently Lawrie et al.? reported 
on the long-term follow-up (mean 70.7 months) of 2 
patients undergoing coronary bypass surgery. T hey 
found that 93.4 percent of their patients had a decrease _ 
in angina and that 51.3 percent were entirely free of | 
angina. Our data compare favorably with their data and _ 
that of others.3410 Postoperatively, the condition of 104 _ 
patients (86 percent) improved by one or more func 
tional class, 73 patients (60 percent) are entirely free of - 
angina and 52 patients (43 percent) have returned to 
full-time work. 

Perioperative myocardial infarction and pro- 
gression of coronary disease: The incidence of per 
ioperative myocardial infarction in our series was 5 
percent. Dunkman et al.!? noted an average 7 percent 
incidence rate of perioperative myocardial infarction 
in studies not specifically designed to identify this event, 
and a 21 percent incidence rate in six studies specifically | 
seeking the occurrence of perioperative myocardial i in- 
farction. One third of the patients in our series with a 
perioperative myocardial infarction died. In view of a 
coronary care unit mortality rate of 10 to 25 percent for. 
spontaneous myocardial infarction and the fact that our. 
patients had single vessel disease whereas a large per- _ 
centage of coronary care unit patients have multivesse 
disease, perioperative myocardial infarction appears to 
have more adverse effects on survival than has spon- 
taneous infarction. 

The progression of disease seen in ungrafted vessels 
is also of interest. A recent? long-term follow-up study - 
of patients undergoing coronary bypass surgery revealed | 
completely new lesions (greater than 70 percent steno- 
sis) at previously angiographically normal sites in 10.7 
percent of all vessels and in 10 percent of ungrafted | 
vessels. In contrast, new lesions developed in grafted 
vessels at a rate of only 3.3 percent. Although nocon- __ 
clusions may be drawn from our sample, significant new __ 
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disease developed i in : anidooraphically defined previ- 
. ously normal vessels in 27 percent of our patients who 
_ were restudied. 

_ Implications: It appears that, although saphenous 
vein bypass surgery for isolated obstructive disease of 
-the right coronary artery does not enhance the favorable 
- prognosis of patients with this lesion, it provides ex- 
cellent long-term symptomatic improvement at ac- 
ceptable levels of risk. In patients operated on, the 
_ finding of normal or nonobstructive disease (less than 
: 90 percent luminal narrowing) of the remaining coro- 
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nary y arteries does not ilie: the need for very se fol- 
low-up, possibly including serial coronary arteriography. 
Coronary bypass surgery for isolated obstructive disease 
of the right coronary artery is justified in highly symp- 
tomatic patients or in patients with malignant tachy- 
arrhythmias, or both. : 
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Revascularization of the Right Coronary Artery 


This study was undertaken to evalulate revascularization of the right 
coronary artery with regard to factors that enter into the decision to graft 
less significant lesions, such as graft flow, graft patency and progression 
of proximal disease. The results of grafting the right coronary artery were 
studied in 23 patients with lesions reducing luminal diameter by less than 
50 percent (Group 1), 35 patients with luminal narrowing of 50 to 70 
percent (Group 2) and 112 patients with greater than 70 percent luminal 
narrowing (Group 3). At operation there was no significant difference in 
saphenous vein graft flows among the three groups. Postoperatively t the 
mean follow-up period was 20, 27 and 26 months, respectively. Graft 
patency was not significantly different among the three groups. Pro- 
gression of the proximal lesion was studied and compared with that in 71 








ungrafted right coronary arteries, 60 with less than 50 percent stenosis __ : 


and 11 with more than 50 percent stenosis. Among vessels with lessthan — 
50 percent narrowing, the proximal lesion showed progression in 26 - S 


percent of the ungrafted vessels and in 83 percent of the grafted vessels — 
(P «0.005); progression to total occlusion occurred in 3 percentofthe _ 
former and in 28 percent of the latter (P <0.005). Progression to total 
occlusion was more frequently associated with a patent than with an. 
occluded graft (P <0.05). The occurrence of significant progression in __ 
ungrafted vessels and the lack of effect on graft patency of the severity _ 

of the proximal disease suggest that revascularization of less significant 


lesions may be of value. However, the resultant increase in progression __ 
of proximal disease makes the patient dependent on the long-term patency à 
of the vein graft. 


Bypass grafting is generally not performed when an obstructive lesion 


of less than 70 percent in luminal diameter involves a single coronary __ 


artery. However, when other vessels are being grafted, the question arises : 
whether grafting should be performed in a right coronary artery with 


an obstructive lesion of less than 70 percent. One argument in favor of 
such grafting is that the lesion may progress and require reoperation. _ 


Siedes et al.! found that progression of disease in ungrafted vessels ac- 
counted for recurrence of angina in 9 of 11 patients with postoperative. - 
symptomatic deterioration. On the other hand, it has been suggested _ 
that because of competitive flow through an insignificantly obstructed 
native coronary artery, graft flow may be low and graft patency re- 
duced. 

An argument against grafting arteries with less significant lesions was __ 
the demonstration by Aldridge and Trimble? and subsequently by 
others®-*4 that grafting of a coronary artery may result in increased 


progression of the proximal lesion. This results in dependence of the _ 


distal coronary artery on the vein graft and its long-term patency. This __ 
study was undertaken to evaluate the factors, that enter intothecon- __ 
sideration to graft right coronary arteries with various degrees of ob- vm 
struction. 
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TABLE | 


-Patients With Stenosis of the Right Coronary Artery 
i: Undergoing Catheterization at Each Time interval 








Mean 


Patients Follow-Up 
Stenosis Total Total With Recatheterization (n0.) Period 











<o Group no. 0-6Mo 1Y 3Yr 5Yr (mo) 
1 (<50%) 23 23 16 7 2 20 
2 (50-70%) 35 34 27 12 8 27 
3 (27096) 112 109 63 41 21 26 
Total 170 166 106 60 31 24 





Methods 


Patients: One-hundred seventy patients, 143 men and 27 
.. women, who underwent revascularization of the right coronary 
artery at St. Louis University from 1970 to 1976 were included 
inthis study. They were separated into 23 consecutive patients 
with 0 to 50 percent obstruction of luminal diameter (Group 
1) and 35 consecutive patients with 50 to 70 percent obstruc- 
-. tion (Group 2). During this period a total of 544 patients with 

- stenotic lesions of the right coronary artery of greater than 70 
percent underwent revascularization. Of these, 112 (Group 
3) were randomly selected so that the number included for 
each year of the study was proportional to that of Groups 1 
-and 2. These three groups were compared with 71 patients who 
were not treated surgically, although coronary arteriography 
during the same period revealed lesions of the right coronary 
artery. Patients with a small right coronary artery unsuitable 


for grafting were not included in this group. There were 60: 


patients with less than 50 percent narrowing and 5 patients 
with 50 to 70 percent narrowing. Six patients had right coro- 
nary arterial lesions greater than 70 percent, but grafting was 
not performed because of the presence of diffuse disease. 
-- At operation, the size of the right coronary arterial lumen 
was measured with calibrated probes. At the completion of 
= cardiopulmonary bypass, flow in the vein grafts to the right 
| coronary artery was measured with the use of electromagnetic 
flow probes, 
Follow-up coronary arteriography: Graft patency has 
been systematically studied with repeat cardiac catheteriza- 
~ tion at St. Louis University since 1970. Repeat catheterization 
using the Judkins technique was performed 0 to 6 months and 
1, 3, and 5 years after operation. Both the native coronary 
arteries and the vein grafts were selectively injected and 
viewed in multiple projections. The same observers graded 
the lesions and reviewed the previous films at each catheter- 
ization for comparison. Lesions were graded according to the 


=- decrease in luminal diameter seen in two views, and were 


classified into three groups: those with less than 50 percent 
narrowing, those with 50 to 76 percent obstruction and those 
"with greater than 70 percent obstruction. All patients were 


TABLE tl 


s Luminal Size Measured at Operations in Native Right 


Coronary Artery Undergoing Grafting 











Luminal Size 
Stenosis Cases 1 mm 1.5.mm 2mm 2.5mm 
Group ino.) (96) (96) (96) (96) 
1. («5096) 23 0 0 30 70 
2: (50-7096) 35 0 8 34 58 
3 (77095) 112 4 8 39 49 
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TABLE Ill . 
Flow in Vein Grafts to the Right Coronary Artery 
no. With Flow 
Stenosis Cases Mean Flow «40 mi/min 
Group (no.) (ml/min) no. 926 
t (<50%) 23 70.5 7 32 
2 (50-70%) 35 72.6 9 26 
3 (270976) 112 72.2 23 21 





routinely called for recatheterization, and the number of 
patients from each group who were studied at each time in- 
terval and the mean follow-up period are shown in Table I. 


Results 


Findings at surgery: The size of the coronary lumen 
found in the three groups is shown in Table II. A greater 
proportion of patients in Groups 2 and 3 than in Group 
1 had a right coronary arterial lumen of 2.5 mm or 
greater although this difference was not statistically 
significant. 

The flows measured in the grafts to the right coro- 
nary artery in the three groups are shown in Table III. 
There was no significant difference among groups. Al- 
though there were more grafts with flows of less than 40 
ml/min to the vessels with less severe stenosis, this 
difference was not statistically significant. 

Graft patency: The overall graft patency rate (Table 
IV) on the basis of the last catheterization performed 
was 91 percent for Group 1, 74 percent for Group 2 and 
80 percent for Group 3. The mean follow-up period was 
20, 27 and 26 months, respectively. These differences. 
were not statistically significant. The cumulative graft 
patency rate for the three groups calculated by the life 
table method is shown in Figure 1. The 3 and 5 year 
patency rates reflect the small number of patients 
undergoing catheterization at this time period. 

The relation between graft flow measured at ope- 
ration and graft patency is shown in Table V. In each 
group, the patency rate was lower when the flow was less 
than 40 ml/min, but the difference was not statistically 
significant. Nine of the 112 patients in Group 3 had an 
endarterectomy, all in vessels with 100 percent occlu- 











TABLE IV 
Patency of Grafts to the Right Coronary Artery 
. Percent With Patent Grafts 
Time Patients Group 1 -Group 2 ^ Group 3 
After With (<50% (50-70% (27095 
Operation Catheterization stenosis) stenosis) stenosis) : 
&mo 166 91413. 88414 9245 
Tyr 106 91410 75:12 86 t3 
3 yr 60 9140 59d 19 8146 
5 yr 31 9140 59-0 51 +22 
Overall 170 91 74 80 
patency* 





* At time of last catheterization. There was no statistical difference 
among the patency rates in the three groups. 








TABLE V à 
Relation of Measured Flow in Grafts to Patency of the Right 
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TABLE VI 


Patency of Vein Grafts to Other Vessels Compared With 
Patency of Vein Grafts to the Right Coronary Artery 





Coronary Artery and Graft 











Flow <40 Flow >40 Overall 
ml/min ml/min Patency 
Cases % % Rate 
(no.) no. Patent no. Patent (%) 
23 7 85 15 93 91 
2 (50-70%) 35 9 66 26 76 74 
3 (27095) 112 23 78 87 85 80 





sion. Six of the nine grafts were patent at recatheteri- 
zation, a mean of 17 months postoperatively. 
The patency of grafts performed to other vessels is 
_ shown in Table VI. There was no significant difference 
* . in patency between vein grafts to the right coronary 
- artery and vein grafts or internal mammary artery grafts 
to other vessels. 
- -Progression of proximal disease: This was com- 
pared among three groups with grafting and the groups 
without grafting (Table VII). Progression was defined 
as an increase in the obstruction to a higher group (for 
example, from less than 50 percent to 50 to 70 percent 
obstruction) or progression to total occlusion. Lesser 
degrees of progression of disease were not included. In 
Group 3, there were 51 patients who had complete oc- 
-clusion of the native right coronary artery preopera- 
tively and were therefore excluded from the study of 
progression. The rate of progression was significantly 
higher for the grafted than the nongrafted vessels in 
comparing vessels with lesions of less than 50 percent 
(P <0.005). The small number of patients in Groups 2 
and 3 without grafting makes comparisons difficult. 
Progression to total occlusion may be a more objective 
| assessment of disease progression. As shown in Table 
_VII, the proximal lesion progressed to total occlusion 
. more frequently in the groups with than in those with- 
.out grafting. This difference was statistically signi- 
ficant (P «0.005) for vessels with lesions less than 50 
percent and for vessels with lesions greater than 70 
"percent. 
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FIGURE 1. Cumulative patency rate of vein grafts to the right coronary 
| . artery calculated with the life table method is shown. There was no 
|^: statistical difference in graft patency among the three groups. 





Patency of 
















Patency of- 
Overall RCA ther . IMA 
Stenosis Graft Patency —.. Ve ifts Gralis 
Group no. Ye AG 965 ono 7. 6 
1 (<50%) 23 91 i8 . B3 10 ^ TO 
2 (50-70%) 35 74 39 . 77 12. 83 
3 (27096) 112 80 127 78 27 ..96- 
Totals . 170 81 184 77 49 88. 





IMA = internal mammary artery; RCA = right coronary artery; 


The progression of the proximal disease was also re- 
lated to graft patency (Fig. 2). In all three groups there 
was a significantly greater incidence of graft patency in 
those vessels with lesions that progressed to total-o¢- 
clusion than in those that did not (P «0.05). 


Discussion 


Factors influencing vein graft flow: The concept. 
of competitive flow between a vein graft and the native- 
coronary artery has been studied experimentally. Fu- 
ruse et al.” found that a relatively small vein graft an- 
astomosed to the nonobstructed circumflex coronary 
artery of the dog carried 73.7 percent of the total flow - 
and a large graft carried 95.1 percent of the flow. How- ^ 
ever, with a 50 percent obstruction to the native cir- 
cumflex vessel, vein graft flow was always greater than 
90 percent of the total flow. Kakos et al.?9 reported 
similar results, with the vein graft assuming 50 percent 
to 100 percent of the flow depending on the degree of 
proximal stenosis. These studies explain the similarity — 
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FIGURE 2. Effect of vein graft patency on the progression. of the - 
proximal right coronary arterial lesion to total occisuion. There were ~ 
significantly more patent grafts to vessels in which the proximal lesion. 
progressed to total occlusion than to vessels with a patent proximal - 
lesion (P.«0.05). 
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TABLE Vii 


E x Progression of Proximal Lesion and Progression to Total Occlusion in Grafted and Ungrafied Right Coronary Arteries (RCA) 





Progression of Proximal Disease* 





Progression to Total Occlusion” 














Bias ces Ungrafted RCA Grafted RCA Ungrafted RCA Grafted RCA 
Group no.! 961 no. 951 no.t «HE no 9$ 
1 (<50%) 60 26 18 835 60 3 18 285 
2 (50-7096) 5 60 29 62 5 20 29 14 
3 (70-9996) 6 67 43 86 6 16 43 745 


* The column headed “Progression of Proximal Disease” includes lesions that progressed to total occlusion, which are also given separately 


uncer the heading “Progression Tc Total Occlusion.” 
= total number ih group. 


t % = percent of group with progression of disease or new total occlusion. 


5 p= «0.005. 


of flows between grafts te severely obstructed and 
mildly obstructed right coronary arteries in our cases. 
'The resistance posed by the relatively narrow native 
coronary artery is far greater than that in the relatively 
large vein graft and the latter therefore assumes the 

“majority of the flow even in a mildly obstructed 


vessel. 


The measurements of luminal size of the native cor- 
onary arteries indicate that large vessels were more 
common in the group with less than 50 percent ob- 
struction, and 70 percent of the vessels in this group had 
a luminal diameter of 2.5 mm or more compared with 
58 percent in the group with 50 to 70 percent obstruc- 
tion and 49 percent in the group with greater than 70 
percent obstruction. These data indicate that there was 
some preselection of the patients with lesions less than 
.. 40 percent based on the size of the native coronary ar- 
«tery. The vessel size would probably also influence graft 
flow because of the size of the runoff and graft patency 


- because of the greater technical ease of the anast- 


;.omosis. 

Vein graft patency: The patency of the vein grafts 
to the three groups of stenotic right coronary arteries 
(obstruction of less than 50 percent, 50 to 70 percent and 
more than 70 percent) was not significantly different. 

-Tt has previously been shown that there is a correlation 


— between graft occlusion and basal graft flow of less than 


40 ml/min.! ^?" The number of grafts with flow rates in 
-this range in the three groups was found to be similar. 
Although in each group the patency rate was less with 
flows of less than 40 ml/min this difference was not 
statistically significant. The cumulative graft patency 
rate determined with the life table method showed no 
. difference among the three groups. The low patency 


e rates at 3 and 5 years may reflect the small number of 
5, patients undergoing catheterization at these intervals. 


"^ These patency rates are similar to those reported by 
^: others for overall graft patency and were similar to the 
* patency rates for grafts to other vessels in this series 

(Table VD. l 

Progression of native coronary artery disease: 
Progression of disease proximal to a vein graft was first 
reported by Aldridge and Trimble? and has been con- 
firmed in several studies.*-?* Our study also confirmed 
previous reports’ that progression of disease is more 
common with greater initial stenosis. In the ungrafted 


1112 


vessels of our series the rate of progression of disease was 
higher than that reported by others?91? as was the rate 
of progression in bypassed vessels with mild lesions.!! 
Lawrie et al.!! found that only 4 percent of mild lesions 
became "clinically significant." However, comparative 
angiograms obtained before and after operation were 
available in only 75 of the 434 patients in their study. 
Progression of disease to total occlusion may be a more 
objective test of progression. In our study progression 
to total occlusion was significantly more common in the 
grafted than in the ungrafted vessels (P <0.005) and 
was, as expected, more common in arteries with greater 
than 70 percent narrowing (Table VII). 

Graft patency and proximal disease progression: 
There have been varying reports of this relation. Griffith 
et al.? and others®-!* found that proximal occlusion was 
more common with early graft occlusion, a finding that 
may be related to technical factors resulting in throm- 
bosis at the anastomosis. Other reports have shown a 
greater incidence of proximal progression associated 
with a patent graft. Bourassa et al.5 found proximal 

progression in 58 percent of patients with a patent graft 
and in 40 percent with an occluded graft. McLaughlin 
et al.? found proximal progression in 43 percent of ar- 
teries with a patent graft and in 13 percent of those with 
an occluded graft. Similar findings were reported by 
Pasternak’ and Lawrie! and their co-workers. We 
found that progression to total occlusion was associated 
with a patent graft in 88 percent of cases and with an 
occluded graft in 12 percent. There was a statistically 
significant correlation between graft patency and pro- 
gression of proximal disease (P «0:05). Progression of 
proximal disease has been ascribed to a reduction in 
flow in the proximal segment, which has been demon- 
strated experiméntally.252629 Tt would therefore be 
expected that this would be more common with a patent 
than with an occluded graft. 

Clinical implications: The clinical diccaion to graft 
a right coronary artery with less than 70 percent ob- 
struction is influenced by the fear that residual disease 
in an ungrafted vessel may progress, which has been 
reported to be an important cause of recurrence of 
symptoms. ! There was a relatively large incidence of 
progression of disease in ungrafted vessels with 50 to 70 
percent narrowing, 20 percent of these vessels pro-- 
gressing to total occlusion in this small group of patients. 


June 1979 The American Journal of CARDIOLOGY Volume 43 





Even in the group with ungrafted vessels with lesions 
of less than 50 percent, 26 percent of vessels progressed 

to:greater than 50 percent obstruction and 3 percent 
- became totally occluded. Because our study has shown 
-that graft flow and patency are unaffected by the sev- 
erity of proximal disease, we currently perform coronary 
- bypass grafting in all right coronary arteries with a le- 
sión of 50 percent or greater. For lesions of less than 50 
percent we would be influenced by the dominance of the 
vessel, the ability to revascularize other vessels and the 
age of the patient. In this situation the vessel is being 
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bypassed prophylactically, and occlusion, due to teeh- 
nical problems or complications, could result in myo- 
cardial infarction. The high rate of progression of 
proximal disease and occlusion, once the vessel is by- 
passed, makes the vessel totally dependent on vein graft 
patency. However, studies of long-term graft patency | 
indicate that if the graft remains patent for the first few - 
months, it is likely to remain patent for the ensuing 5 - 
to 7 years.11020 The ultimate resolution of this question - 
depends on even longer-term follow-up studies of vein 
graft patency. 
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To elucidate patterns of thallium-2€1 redistribution with and without 
myocardial infarction, to determine the value of thallium-201 redistribution 
scintigrams in identifying additional ischemic myocardium in the presence 
of prior myocardial infarction and to delineate the relation of collateral 
vessels to redistribution, thallium-201 myocardial perfusion scintigraphy 
was performed immediately after exercise and 4 to 6 hours after exercise 
in 46 patients with coronary artery disease and 12 normal control subjects. 
Scintigrams were interpreted in the conventional visual manner as well 
as with use of computer-processed myocardial perfusion ratios. Normal 
control subjects demonstrated uniform thallium-201. distribution with 
regional perfusion ratios approximatinc unity in both the early and delayed 
scintigrams. 

Of 27 patients with prior myocardial infarction, 5 (19 percent) had 
complete redistribution on delayed imaging, 17 (62 percent) had partial 
redistribution and 5 (19 percent) had no redistribution. Of 25 regions 
corresponding to electrocardiographic evidence of infarction, 8 (32 per- 
cent) had total, 8 (32 percent) had partial and 9 (36 percent) had no re- 
distribution. Collateral vessels were absent or of poor quality in seven of 
eight infarct areas with no redistribution; three of four infarct regions with 
normal early thallium uptake were supplied by collateral vessels of good 
quality. Of 12 regions supplied with good collateral vessels, 9 had com- 
plete redistribution, 2 partial and 1 no redistribution. In contrast, only 2 
of 21 hypoperfused zones without redistribution (10 percent) were sup- 
plied by good collatera! vessels. Of 19 patients without prior myocardial 
infarction, 10 (53 percent) had complete redistribution, 6 (31 percent) 
had partial redistribution and 3 (16 percent) had no redistribution. Of the 
34 abnormal areas in the immediate postexercise image, 22 (65 percent) 
Showed total redistribution, 3 (9 percent) showed partial redistribution 
and 9 (26 percent) showed no redistribution. 

Thus, considerable overlap in redistribution scintigrams occurs in pa- 
tients with coronary artery disesase with and without prior infarction; a 
high incidence rate of transient stress-induced hypoperfusion occurs in 
both infarcted and noninfarcted myocardium. Further, good quality col- 
lateral vessels afford redistribution, even to some areas of prior infarction. 
These data indicate that because delayed postexercise redistribution 
imaging may not discriminate between myocardial scar and ischemia 
resting scintigrams may be needed in a substantial number of patients. 


Thallium-201 myocardial perfusion imaging has become an important 
diagnostic tool in the evaluation of patients with coronary artery disease. 
The greatest sensitivity of myocardial perfusion imaging in detecting 
significant coronary artery disease is achieved when thallium-201 isih- ` 
jected during maximal stress.!-5 To differentiate a stress scintigram 
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abnormality due to transient ischemia from one due to 
previous myocardial infarction, a second injection of 
thallium-201 at rest has ordinarily been performed 4 or 
_§ days before or after the stress scintigram. Recently it 
-has been indicated in the experimental animal®’ and 


C clinically$89 that delayed scintigrams obtained 4 to 6 
- . hours after the initial poststress imaging permit dis- 


‘tinction between transient ischemia and infarcted 
myocardium, because only areas of infarction demon- 
strate persistent reduction of thallium-201 activity. 

Additional detailed information is needed concerning 
the clinical importance of, as well as functional and 
anatomic correlations with, the variable patterns of 
postexercise thallium-201 redistribution. Accordingly, 
we performed stress myocardial perfusion i imaging and 
obtained early as well as delayed scintigrams in patients 
with documented coronary artery disease with and 


-> without prior myocardial infarction in order to elucidate 


. the postexercise redistribution patterns of thallium-201 
in these patients. Additionally, we assessed the presence 
and quality of coronary collateral vessels to afford in- 
sight concerning the possible role of these vessels in 
determining redistribution. 


Methods 


Patient groups: The patient population consisted of 58 
patients who underwent sequential thallium-201 imaging. 
Group I contained 12 patients with a mean age of 50 years who 
had chest pain atypical of angina, no coronary artery disease 
(no stenosis greater than 50 percent of luminal diameter) on 
selective coronary arteriography, normal left ventricular 
function and no systemic hypertension or left ventricular 
hypertrophy. 

Group II consisted of 27 patients with a mean age of 52 
years who had a previous myocardial infarction confirmed by 
a typical history and diagnostic enzymatic and electrocar- 
diographic alterations. With the exception cf one patient who 
had a documented history of myocardial infarction and left 
bundle branch block, all patients in Group H exhibited 


` pathologic Q waves consistent with prior myocardial infarc- 


- tion. In addition, selective coronary arteriography demon- 
strated stenoses of 50 percent or more in one or more of the 


[three principal coronary arteries in all 22 patients with a prior 


infarction undergoing cardiac catheterization. 

Group IH consisted of 19 patients witha mean age of 59 
years who had typical angina pectoris but no previous history 
or electrocardiographic documentation cf myocardial in- 
farction. All 12 of these 19 patients who underwent selective 
coronary arteriography demonstrated significant stenosis (50 
percent or greater) in one or more of the major coronary ar- 
teries. Of the remaining seven patients, all had typical angina, 
five had ischemic S-T segment depression (1.0 mm or more 

flat or downsloping 0.08 second beyond the J point) on 

- treadmill stress testing and two had a nondiagnostic test be- 
cause of failure to reach 85 percent of the maximal predicted 
heart rate. Because this investigation was designed to assess 
the temporal characteristics of myocardia! redistribution of 
thallium-201, the patients in Groups H and ITI were selected 
$0 that all had abnormal early poststress myocardial perfusion 
imaging. 

To determine whether the presence of coronary collateral 
vessels influenced. the redistribution seintigram, arterio- 
graphic coronary collateral vessels were graded using a mod- 
ification of the system proposed by Carroll et al.1*: 0 = no 
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collateral channels present; 1 = small, threadlike collateral 
channels without distal opacification of the recipient occluded 
coronary artery; 2 = moderate-sized collateral channels with 
faint but definite opacification of the distal recipient vessel; 
3 = large, bright collateral channels with excellent opacifica- 
tion of the distal recipient vessel. For purposes of analysis, 
grades 0 and 1 were grouped together as were grades 2 and 

 Thallium-201 myocardial perfusion imaging: All pas 
tients underwent multistage treadmill exercise according to 
the protocol of Bruce.!! Thallium-201 (1.5 to 2 mCi) asthal- 
lous chloride in saline solution was injected through a previ- 
ously placed intravenous cannula in one arm and flushed with 
5 cc of saline solution at peak exercise, which was determined - 
by increasing angina, 2mm or more flat or downsloping S-F: 
segment depression of at least 0.08 second's duration in at. 
least 1 of the 12 monitor leads, severe fatigue, dyspnea or 
claudication. The exercise was continued for an additional 0.5 
to 1 minute after the injection to allow for clearing of thal- 
lium-201 from the blood. Imaging was then initiated within 
5 minutes of the injection in every patient. 

A commercially available single crystal gamma camera 
equipped with an all-purpose, parallel hole collimator was 
utilized for imaging. Counting was done with the pulse- height 
analyzer centered at 75 kev employing a 20 percent. window. 
Images were obtained in anterior and 40° left anterior oblique 
projections. A total of 300,000 counts requiring 3 to 5 minutes: 





for collection were obtained in each position. Images in the — 
identical projections were repeated 4 to 6 hours after the — 


treadmill exercise. The data were collected and stored in à 


dedicated computer with capabilities for color display, con- E 


trast enhancement, background subtraction and smoothing. 


The scintigrams were stored in floppy discs for later display v E 
and were subsequently interpreted. on a 128/128 matrix.os--—. 
cilloscope by two of us independently and without knowledge . 


of either the arteriographic or the electrocardiographic find- 
ings. 
Scintigraphic analysis: Each scintigram was divided into 


the following five segments for the purpose of reproducible. o 
analysis: anterior, inferior, septal, apical and posterolateral —- 
(Fig. 1). A region of interest with constant area was delineated : 


ANT 





e 
ie Inferior 


=== Posterior Lateral 
:*.* Apical 

YL, Anterior Lateral 
44 Septum 


FIGURE 1. Myocardial regions analyzed in thallium-201 scintigrams: 
ANT = anterior; LAO = left anterior oblique. 
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TABLE I 
Perfusion Ratios in Three Groups 
Group I: 
Myocardial {normal Group It: Group Ill: 
Segments subjects) (prior MD (CAD) 
Ant ST 1.030 + 0.020 €.746" + 0.012 0.926 + 0.089 
Ant RT 1.024 + 0.015 0.849! + 0.048 0.863* + 0.030 
Inf ST 0.974 + 0.018 0.684* + 0.029 0.783* + 0.038 
inf RT 0.977 + 0.014 6.813% + 0.032 0.917 4 0.054 
IVS ST 0.9814 0.021 0.664* + 0.038 0.776* + 0.033 
IVS RT 1.003 + 0.028 6.855! + 0.054 0.925 + 0.028 
PL ST 1.024 + 0.022 0.755* + 0.045 0.791* + 0.020 
PL RT 0.994 + 0.025 0.806 +£0.084 0.895! + 0.025 
Apex ST 0.916 + 0.019 6.713* + 0.037 0.7477 + 0.033 
Apex RT 0.899 + 0.034 6.775! + 0.033 0.827 + 0.026 





* Probability (P).<0.001 (versus Group 1). 
* P. 0.05 (versus Group 1). 
Ant = anterior wall; CAD = coronary artery disease; Inf = inferior; 


“WS = interventricular septum; MI = myocardial infarction; PL = pos- 


terolateral; RT =.delayed (resting) scintigram; ST = immediate post- 
stress scintigram. 


E ineach segment, and the absolute number of counts was ob- 
C tained from the computer memory. 


"To afford semiquantitative analysis and thereby enhance 
objectivity in the interregional comparisons, a count-ratio 


- method was utilized. A ratio was determined from the counts 


in an area of interest in each specified region to a normal area 


i£. of myocardium defined as the zone in each separate projection 


with the highest count density. In the normal scintigrams, the 


area of interest was obtained from the center of each defined . 


region. In the abnormal scintigrams, for the purpose of con- 


: sistent location of the region of interest in each individual 
segment, a color display was used to facilitate the location of 


the abnormal areas. With this color display, a difference of 
counts of the order of 12.5 percent can be appreciated. Thus, 
small differences in perfusion could be easily uncovered vis- 
ually. The regions of interest in the abnormal segments were 


«selected as representative of a portion of the most abnormal 


perfusion. Assuming that the areas of maximal perfusion in 
each projection represented normal perfusion, the derived 


= ratio between the two segments multiplied by 100 corresponds 


to the percent of normal perfusion in the abnormally perfused 
segment. For example, a ratio of 1 would be expected to rep- 
resent a normal value with homogeneous perfusion. 
Because most previous investigators have reported myo- 
cardiai seintigrams based on a visual interpretation only, we 
also used this visual technique in the final report of the scin- 
tigrams to permit uniform comparison with previous studies. 
Visual interpretation of perfusion defects and degree of re- 
perfusion was accomplished in computer-processed black and 
white scintigrams after 20 percent background subtraction 
according to a grading scale: 0 = no redistribution; + = partial 
redistribution; ++ = complete redistribution. Complete 


= agreement on visual interpretation was obtained in 88 percent 


of the cases. In the remaining 12 percent, a consensus was 
generally reached by review of the scintigram and discussion 
between the two interpreters. If no agreement was reached (4 
percent), an increase in the count-ratio (involved area/normal 
area) of more than 20 percent was utilized as objective evi- 
dence of redistribution. 

Statistical method: Student's ¢ test for paired and non- 


— paired data was utilized to assess the significance of differ- 


ences in ratios for each of the patient groups in the early and 
delayed scintigrams. À test of equality of variances was used 
to assess the differences in ratios between the groups. The 


results are expressed as the mean + standard error of the 
mean. 


Results 


Group I: Patients Without Coronary Artery Disease 


Table I summarizes the perfusion ratios obtained | 
from the early and delayed scintigrams in the 12 normal 
patients. Two of these patients received propranolol up 
to 12 hours before the first scintigram was obtained. 
Despite normal immediate postexercise images in each 
patient, six also had delayed scintigrams to determine 
reproducibility of the myocardial perfusion ratios in this 
control group. The mean values for each ratio were near 
unity in both the early and delayed images for all ana- 
tomic regions indicating normal homogeneous perfu- 
sion. Perfusion at the apex exhibited the greatest vari- 
ability, which may be explained by the normal thinning 
of this region. Visual interpretation of the scintigrams 
revealed a homogeneous perfusion throughout the 
myocardium, except for small areas (less than 15 per- 
cent of the total) of relative hypoperfusion sometimes 
observed in the apex. 


Group li: Patients With Prior Myocardial Infarction 


Seventeen of the 27 patients with a prior infarction 
underwent cardiac catheterization because of postin- 
farction angina. The remaining five patients who un- 
derwent coronary arteriography did not have a history 
of angina, but underwent catheterization for prognostic 
reasons. Table II summarizes the results of the resting 
electrocardiograms, treadmill stress tests, coronary 
arteriography and thallium-201 perfusion imaging for 
these 27 patients. At the time of imaging, all patients 
demonstrated electrocardiograms diagnostic of prior 
infarction with the exception of one patient with left 
bundle branch block. Seven of the 27 patients in this 
group were receiving propranolol in an average daily 
dose of 80 mg, 3 were taking a digitalis preparation and 
2 patients were receiving both propranolol and digitalis; 
the remaining 15 patients were taking no cardiac med- 
ication. A total of 33 anatomic sites of infarction were 
detected with the resting electrocardiogram in the 26 
patients with infarction. With maximal treadmill stress 
testing, 11 of the 26 patients (42 percent) had ischemic 
S-T segment depression, 11 (42 percent) experienced 
angina pectoris and 14 (54 percent) had either angina 
or S-T segment abnormalities. The majority (17) of the 
22 patients in Group II who underwent coronary arte- 
riography had multivessel disease: 10 (45 percent) and 
7 132 percent) had three and two vessel disease, re- 
spectively; 5 (23 percent) had stenosis of one major 
coronary artery. 

Mean perfusion ratios for each of the five regions 
evaluated (Table I): Patients with prior myocardial 
infarction, when compared with normal subjects, 
demonstrated significant (P «0.05) reduction in per- 
fusion on both immediate and delayed imaging in all 
regions with the exception of the posterolateral area on 
delayed imaging (P >0.05). There was no statistically: 
significant difference (P 70.05) between the perfusion 
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TABLE Il l 
Findings in.27 Patients in Group Il (prior myocardial infarction) 














Case : Treadmill Stress Test Cineangiography MPL : 
cono: ECG Time Angina HR ST DP RCA LAD LCx LV EMP DMP < 




















sottogcottotktkt tooo 








4 IWhAL 4'40” Pos 123 Pos 17.2 90 90 80 Diff hypok "m - 
: 3 ; Ap 
2 .- InfiVS 6' Pos 155 Pos 24.8 100 100 80 . Inf Ap hypok p š 
Ap. 
3 inf 5! Pos 185 Pos 24.3 100 — — NL Inf 
4 Inf 1i Pos 133 ND 23.9 80 40 90 Inf bas hypok ~ is 
t 
5 def 24 Neg 115 Pos 161 100 95 99 infbashypok | PL, 
: ; A e E 2 TE Áp 
6 Antint 11 Neg 145 Neg 23.2 100 100 90- Ap dysk, inf Ant, 
i ; bas. hypok — Ap 
7 dantiVS 11 Neg 162 Neg 20.4 100 90 70. inf Ap hypok in 7 
Ei 3 IS, 
di x E Ap 
Inf 8'30^ Neg 172 Pos 30.9 100 So 100. Diff hypok, inf: inf 
EE bas akin. 
9 ivs 5'50" Pos 120 Pos 18.0 70 100 90 - Inf, Ap hypok E 
E R M * 
2 RI P Ap 
5010. inf 9'30”. Neg 170 Neg 20.4 100 — — . Inf bas hypok int, 
T ee i Ap 
11 inf $'15* Neg 158 Neg 22.1 95 — BO. | inf akin inf 
12 inf 8407  . Neg 145 Neg 174 95 dL —  infbashypok inf 
13 AL ii^ Neg 153 Neg 26 — 90 90 Ant Ap dysk Ant 
; IVS, 
Ap 
14 inf 7'20" Neg 123 Pos 22.1 100 . 50 95. Inf bas hypok inf, Š x 
z à IV 
15 IVS 10' Neg 160 Neg 25.6 90... .. 100 —  -Anthypok vS, + 
y : Ap 
16 WS 8/20” Neg 140 ND 26.6 99 80 30 NL inf; 
PL, 
Ap 
17 Inf 4 Pos 88 Pos 14 100 40 — Inf bas akin inf, 
PL, 
i : : Ap + 
18 Ant(SE) 5'30” Pos 120 Pos 16.8 50 90 50- Ant Ap hypok Ant, + 
IVS, 
19. — inf 415" Pos 135 Pos 216 100 90 100 Ap hypok Ant, eo 
ue IVS; Ro 
F GARS Ap EEUU 
20 nf ..8'807 Neg 170 Neg 322 Se 80 = — NL int 4 as 
nes j L a 
21 LBBB . 230" Neg 130 ND 13 100 95 80 Diff hypok, Ant, Ant, TB 
i Ap dysk inf, ++ 
PL, Qoi 
Ap 9. 
22 ivs 9'20” Neg 135 ND 21.6 90 — — vs s 0- 
- iv: g 
23 ivS 3 Pos 150 Pos 22.5 nate pias sake Vcg inf, - Ts 
: Áj 3 
24 vs 12' Pos 115 ND 18.4 cie) EET ud Dx Pes PE 
2 . IVS, to 
olan” Ap go: 
25 Inf ; 9'30 Neg 158 Neg 33.5 int o 
26 inf 3'30” ^ Neg 117 ND 187 it" i 
27 Inf 6'30” Neg 125 ND 25.0 inf, g 
PL, 0: 
Ap ++ 
* Bridge. 


imaging; DP = double product (systolic pressure X heart rate X 10°); Dysk = dyskinesia; ECG = remote infarction site by electrocardiooram: EMPÍ 
= early poststress myocardial perfusion imaging; HR = maximal heart rate beats/min); Hypok = hypokinesia; inf = interior: IVS = interventricular 
septum; LAD = left anterior descending coronary artery; LBBB = left bundle branch block; LCx = left circumflex coronary artery; LV = left ven- 
tri pec dod d A EE Leere ies ging: p i emo Neg = negative; NL = normal; PL = posterolateral; Pos = positive: RCA 
= right coronar ; SE = subendocardial: ST = S- ment depression. 0 = no redistribution: + = parti istribution; = plete 
redistribution; — = no lesions; . . . = not performed. a reiki ice E compie 
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Akin = akinesia; AL = anterolateral wall; Art = anterior; Ap = apical; Bas = basal: Diff = diffuse; DMP! = delayed.poststress myocardial penisin 
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< FIGURE 2. Redistribution of thallium-201 in 27 patients with prior in- 
; farction. There were 63 regions of abnormal perfusion in the early 

postexercise myocardial perfusion images. The graph depicts the 
* findings in those regions in the delayed images. 


NORMAL 


rátios in patients with and without infarction, in the 
-early or late poststress scintigram. Table I also shows 
-that perfusion ratios in both groups of patients im- 
_ proved substantially from the early to the late poststress 
-s$cintigram. Visual interpretation of the early scinti- 
grams in the total group of 27 patients demonstrated 63 
regions with perfusion defects. Figure 2 illustrates the 
_ findings in these 63 regions in the delayed scintigrams: 
.. 25 of the 63 regions (40 percent) exhibited total redis- 
tribution, 14 (20 percent) demonstrated partial redis- 
“tribution and 24 (38 percent) remainétl unchanged 4 to 
6 hours after exercise. Figures 3 and 4 demonstrate the 
Changes occurring from the early to the delayed scinti- 
"grams in patients with remote myocardial infarction. 
Correlation of the site of necrosis and perfusion 
defects: Analysis of the 25 areas with electrocardio- 
- graphic evidence of necrosis and corresponding perfu- 
_ sion defects in the immediate postexercise scintigram 
- revealed that in the delayed images 8 of the 25 areas (32 
percent) had total redistribution, 8 (32 percent) evi- 
-denced partial redistribution and 9 (36 percent) were 
X unchanged (Fig. 3). Thus, approximately two thirds of 
-electrocardiographie sites of. myocardial infarction 
demonstrated complete or partial redistribution in 
-delayed postexercise thallium-201 images. Among the 
38 regions with decreased perfusion on immediate 
_ postexercise imaging that did not correspond to the 
"electrocardiographic site of myocardial necrosis, 17 
“regions (45 percent) demonstrated total redistribution, 
6 (16 percent) showed partial redistribution and 15 (39 
. percent) no change in the delayed images (Fig. 2). These 
values are similar (P 20.05) to the redistribution pat- 
terns in regions with electrocardiographic evidence of 
infarction. 
Thus, of the 27 patients with remote myocardial in- 
farction, 100 percent evidenced one or more regions of 
decreased perfusion on immediate postexercise imaging. 


AZ 


OPrr- 





FIGURE 3. Case 2 (Group Il). Thallium-201 redistribution in a patient 
with prior infarction. Arrows indicate decreased perfusion in the inferior 
andapical regions (top left); septum and inferior regions (bottom teft). 
in the delayed myocardial perfusion images (DMP, only a mild perfusion 
defect persists in the apex, the other regions have completely "filled 
in." The patient had prior inferior and anteroseptal infarction. ANT = 
anterior; EMPI = early postexercise myocardial perfusion image; LAO 
= jett anterior oblique. 


However, on delayed imaging, 5 (19 percent) demon- 
strated complete redistribution, 17 (62 percent) had 
partial redistribution and only 5 (19 percent) showed 
no redistribution. The abnormally perfused areas were 
also-evaluated in each patient relative to the use of beta 
adrenergic blocking drugs and. digitalis. Complete, 
partial and no redistribution, respectively, occurred in 
43, 14 and 43 percent of areas in the presence of pro- 
pranolol, in 25, 38 and 37 percent of areas in the pres- 
ence of digitalis and in 43, 14 and 43 percent with com- 
bined propranolol and digitalis. In the remaining 15 
patients receiving no cardiac medications, 41 percent 
demonstrated complete redistribution, 24 percent 
partial and 35 percent no redistribution. Thus, the re- 
distribution patterns were similar (P 20.05) with and 
without these cardiac medications. 

Correlation with coronary arteriographic find- 
ings: In this group of 27 patients with prior myocardial 
infarction, ischemia was suggested by transient myo- 
cardial perfusion defects in 22 (81 percent). Of these 22 
patients with evidence of ischemia, 16 (77 percent) 
underwent catheterization and 13 of these (77 percent) 
manifested stenosis of 50 percent or more of at least one 
coronary artery in addition to occlusion of the artery 
supplying the infarcted myocardium; in 4 patients 
ischemia occurred only in the area with preexisting in- 
farction. Of the five remaining patients without evi- 
dence of transient perfusion defects, four had stenosis 
of additional coronary arteries. The extent and location 
of coronary stenoses did not relate closely to the redis- - 
tribution pattern (Table II. In this regard it is note- 
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FIGURE 4. Case 13 (Group ll). Arrows indicate decreased perfusion 
in the anterior apical wall (top left), septum and apex (bottom left) in 
the early postexercise myocardial perfusion images; the delayed images 
(DMPI) show no significant redistribution in the septum and only mild 
redistribution in the apex (bottom right). This patient had prior antero- 
lateral infarction. Abbreviations as in Figure 3. 


worthy that one, two and three vessel disease occurred 
with similar frequency among patients demonstrating 
complete redistribution. 

Effect of coronary collateral vessels on thal- 
lium-201 redistribution: Seven of the eight zones 
corresponding to areas of myocardial necrosis without 
redistribution had, on arteriography, grade 0 or 1 (ab- 
sent or poor) collateral vessels to the ischemic zone in 
question. In contrast, three of the four areas corre- 
sponding to the site of infarction bút demonstrating 
normal early uptake of thallium-201 had grade 2 or 3 
collateral vessels. Of all 21 zones with no redistribution, 
including 8 areas of infarction, 19 (90 percent) had no 
or poor collateral supply. In marked contrast, 9 of 12 
areas (75 percent) perfused by collateral channels de- 
fined as good demonstrated complete redistribution, 
two showed partial redistribution and only one no re- 
distribution. 


Group Ill: Patients With Coronary Artery Disease 
Without Prior Myocardial Infarction: 


Table III summarizes the results of treadmill stress 
testing, coronary arteriography and thallium-201 
imaging in the 19 patients with coronary artery disease 
without prior myocardial infarction. Ischemic S-T 
segment depression occurred with exercise in 15 of the 
19 patients (79 percent) in this group; 14 (74 percent) 
experienced angina pectoris and 17 (89 percent) had 
either ischemic S- T segment depression or angina with 
exercise. Nine patients were receiving propranolol and 
two were taking digitalis. 

- Regional perfusion ratios: Each patient had one or 
more regions demonstrating perfusion defects in the 
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FIGURE 5. Redistribution of thallium-201 in 19 patients with coronary 
artery disease without prior infarction (Group Ill). There were 34 areas 
of decreased perfusion in the early postexercise myocardial perfusion 
image. The graph depicts the fate of those areas in the delayed im- 
ages. 


early scintigrams constituting a total of 34 areas of de- 
creased perfusion (Table I). The mean perfusion ratios 
in each of the defined regions were reduced in the early 
scintigrams compared with those in normal subjects. On 
delayed imaging, 22 (65 percent) of the 34 abnormal 
regions demonstrated total redistribution, 3 (9 percent) 
had partial redistribution and 9 (26 percent) revealed 
no improvement (Fig. 5). 

Among the nine patients receiving propranolol, 
complete, partial and no redistribution occurred in 73, 
7 and 20 percent, respectively. Redistribution was 
complete in 63 percent, partial in 12 percent and absent 
in 25 percent of the eight patients receiving no cardiac 
medications. Thus, redistribution was not significantly 
(P >0.05) altered by propranolol. 

Of the 19 patients in this group, all with abnormal 
early thallium-201 images, 10 (53 percent) evidenced 
complete redistribution, 6 (31 percent) demonstrated 
partial redistribution and 3 (16 percent) had no change. 
Both early and delayed perfusion ratios tended to be 
higher in Group III than in Group II, but in no region 
was the difference statistically significant (P >0.05). 
Additionally (Table I), with the exception of the ante- 
rior wall, all ratios in Group III normalized (P >0.05 
versus values in normal control subjects) with delayed 
perfusion imaging, indicating that substantial redis- 
tribution of thallium-201 had occurred. Figure 6 is an 
example of complete redistribution in the delayed 
scintigram; Figure 7 demonstrates an image with no 
delayed redistribution. 

Correlation with location or extent of coronary 
stenoses on collateral channels: In this group, no clear 
relation was evident between the location or extent of 
the coronary stenoses and thallium-201 redistribution 
(Table III). Seven areas of myocardium in the distri- 
bution of totally occluded coronary arteries demon- 
strated normal early thallium uptake; six (86 percent) 
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Findings in 19 Patients With Coronary Artery Disease Without Prior Myocardial Infarction (Group III) 
Case Treadmill Stress Testing Cineangiography MPI 
no. Time Angina HR ST DP RCA LAD ECx LV 2 EMPI DMPI 
1 3'30" Pos 94 Pos 16.0 90 99 100 Diff hypok ap akin Ap + 
2 10°15” Pos 130 Pos 20.8 50 75 75 NL Ant, 0 
PL ++ 
3 ad Pos 160 Pos 288 100 99 — Inf bas hypok inf, ++ 
IVS, ++ 
Ap, ++ 
: Ant ++ 
4 130” Neg 125 Pos 22.5 100 90 80 . inf bas, ap hypok Inf T 
5 6 Pos 130 Pos 22.1 85 40 ~~ NL Inf, ++ 
IVS, ++ 
: Ap T 
6 6’ Neg 94 Pos 13.1 95 99 99 Diff hypok Inf, ++ 
IVS, 0 
Ap ++ 
7 8 Pos 97 Pos 15.5 95 75 95. NL PL ++ 
& Ky Pos 128 Pos 17.9 100 80 B0 Inf bas, ap hypok inf 0 
9 7720” Pos 145 ND 29 100 90 90 Diff hypok VS, 0 
: : _Ap 0 
10 5°40” Pos 124 Pos 16.1 75 — —  Diff-hypok, inf bas akin Ap 0 
¿ti 4°15” Pos 118 ND 16.5 100 — — Inf, ap hypok PL ++ 
42 430^ ` Pos 128 Pos 24.3 — 70 — NL Ant, T 
ivS ++ 
13 6'40" Neg 148 ND 29.5 IS ++ 
14 5 Pos 110 Pos 18.7 Inf, 0 
IVS, ++ 
Ap 0 
15 6' Neg 95 ND 18 PL ++ 
16 7'40” Pos 138 Pos 27.6 Ap ++ 
17 4'30” Neg 167 Pos 26.7 Inf, Eu 
IVS, ++ 
, Ap + 
-48 5'20” Pos 140 Pos 21 PL ++ 
19 7'40” Pos 140 Pos 23.8 IVS, Ap ++ 
+ 





Abbreviations as in Table Il. 


-> of these regions were supplied by grade 2 or 3 collateral 
- ehannels. 


Discussion 


Correlation of ischemia on perfusion scintigra- 
_ phy and prior myocardial infarction: In this inves- 
tigation, which used a semi-quantitative technique of 
analysis, patients with prior myocardial infarction, 
. manifested a high incidence rate (81 percent) of exer- 
. cise-induced ischemia in thallium-201 perfusion scin- 
. tigrams. In contrast, the exercise electrocardiograms 
| demonstrated ischemic responses in only 42 percent of 
_ these patients. An additional 12 percent of patients with 
- prior myocardial infarction experienced exercise-in- 
duced chest pain without electrocardiographic ischemic 
- changes, so that 54 percent of the 27 patients had isch- 
emic S-T segment depression or angina pectoris, or 
- both. Of the areas with electrocardiographic prior 
- myocardial infarction, most (76 percent) demonstrated 
_ perfusion abnormalities in the early postexercise scin- 
. tigrams. Exercise-induced ischemia, evidenced by 
.. complete or partial redistribution in the delayed post- 
. exercise image, occurred in the region of the infarction 
in the majority of patients (62 percent) with prior 
. myocardial infarction; that is, most immediate post- 
- exercise filling defects corresponding to electrocardio- 
_. graphic infarctions exhibited partial or total filling-in 


on delayed imaging. Thus, the majority of areas of re- 
mote myocardial necrosis do not behave in a static 
manner relative to thallium-201 distribution on im- 
mediate and delayed poststress myocardial perfusion 
imaging. These findings indicate that periinfarction 
ischemia commonly occurs with chronic infarction and, 
moreover, that.still other areas of prior necrosis ap- 
parently reestablish vascularity sufficient to afford total 
redistribution of thallium-201 on delayed postexercise 
imaging. ; T3 
Controversy persists concerning the need for resting 
scintigrams in addition to the delayed postexercise 
image.^*? Our data indicate that 32 percent of anatomic 
areas corresponding to the electrocardiographic site of 
infarction and 19 percent of patients with myocardial 
infárction by electrocardiographic criteria may dem- 
onstrate complete redistribution by 6 hours. Moreover, 
perfusion defects persisting at 6 hours after exercise 
may represent either markedly delayed redistribution 
or true scar related to previous myocardial infarction. 
In this regard it was recently reported? that 46 percent 
of patients with electrocardiographic criteria for myo- 
cardial infarction demonstrate normal thallium perfu- 
sion at rest, and only 7 percent manifest complete early 
redistribution.. This discrepancy of 39 percent would 
appear to justify frequent. acquisition of the resting. 
scintigram, particularly when a clinical decision re- 
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FIGURE 6. Case 3 (Group III). Thallium-20 1 redistribution in a patient 
with coronary artery disease without remote infarction. Arrows indicate 
decreased perfusion in the inferior wall (top left) and septum (bottom 
left). There is complete redistribution in the delayed images. Abbrevi- 
ations as in Figure 3. 


garding the feasibility of surgical revascularization is 
entertained. An additional possibility, not yet exam- 
ined, is that a redistribution scan obtained 8 to 12 hours 
after the first study may provide further discrimina- 
tion. 

Mueller et al.!? demonstrated that the mass of an area 
of experimental myocardial infarction must be greater 
than 4.9 g in order to be detected with scintigraphy. 
Additionally, Wackers et al.!? demonstrated that the 
number of false negative perfusion images in patients 
with acute myocardial infarction is directly related to 
the time interval from the acute event to the scintigram, 
suggesting that in certain instances the final size of the 
infarct may be too small to be detected by imaging. 
Furthermore, our findings suggest that in some cases 
even areas of previous segmental necrosis may have the 
potential to benefit from coronary bypass if accentua- 
tion of the perfusion defects is demonstrated to occur 
with stress. We!415 have previously shown that this is 
indeed the case in selected patients undergoing myo- 
cardial revascularization. 

Myocardial hypoperfusion at sites other than 
that of prior myocardial infarction: An additional 
important finding in this investigation was that thal- 
lium-201 imaging identified transient myocardial hy- 
poperfusion in sites other than the site of the infarct in 
59 percent of the patients with prior infarction. How- 
ever, ischemia occurred in areas contiguous with the site 
of prior infarction in nine patients, such as in the in- 
terventricular septum with anterior infarction and in 
the apex with either anterior or inferior infarction. 

* Those areas contiguous with the site of prior infarction 
were considered involved as a result of occlusion of the 
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FIGURE 7. Case 6 (Group III). Thallium-20 1 redistribution in a patient 
with coronary artery disease without prior infarction. Arrows indicate 
decreased perfusion in the inferior wall and apex (top left) and septum 
(bottom left); there is complete redistribution in the inferior wall and 
apex and no redistribution in the septum in the delayed myocardial 
perfusion images. Abbreviations as in Figure 3. 


same vessel that caused the prior infarction and there- 
fore could not predict involvement of additional vessels. 
With exclusion of these contiguous areas, postexercise 
perfusion imaging detected perfusion defects in areas 
unrelated to infarction in 47 percent of patients with 
prior myocardial necrosis and multivessel coronary 
artery disease. 

Postexercise scintigram versus electrocardio- 
gram: We have previously demonstrated the wide 
prevalence of multivessel coronary artery disease in 
patients with recent uncomplicated inferior myocardial 
infarction as well as the difficulty in predicting this 
finding noninvasively.!6 Finally, the decreased sensi- 
tivity of the exercise electrocardiogram in detecting 
ischemia in patients with prior infarction has previously 
been noted.!7-!? The present study confirms the de- 
creased sensitivity of the stress electrocardiogram in 
identifying ischemia and indicates that postexercise 
immediate and delayed perfusion images are superior 
to the stress electrocardiogram (P «0.05) in detecting 
ischemia in the presence of prior myocardial necrosis. 

Persistent perfusion abnormality without prior 
myocardial infarction: Although the majority of im- 
mediate postexercise perfusion abnormalities in pa- 
tients without prior infarction demonstrated partial or 
total redistribution on delayed imaging, a substantial 
number of patients evidenced no redistribution. The 
explanation for this persistent filling defect in the ab- 
sence of previous myocardial necrosis or fibrosis is un- 
known. It is possible that in some instances, complete 
redistribution would have occurred had delayed scin- 
tigrams been obtained after an even longer interval. It 
is also possible that certain of the persistent defects did 


hma 4070) Tha Amasinan Lecemnl af CADMINIALY VUaluma AQ 1194 





9" THALLIUM REDISTRIBUTION VERANI ET AL — 


Lj 


. in fact represent myocardial fibrosis consequent to 
_ healed infarctions not detected in the resting electro- 
... cardiogram. The disappearance of diagnostic Q waves 
. in the resting electrocardiogram after myocardial in- 
_ farction, particularly of the inferior wall, has been well 
. described??? However, in the present investigation, 
- none of the patients in Group HI had a history or prior 
. documentation of infarction. 
= ^ Effect of coronary collateral vessels: This inves- 
< tigation suggests a close relation between angiograph- 
-ically documented collateral vessels to an ischemic zone 
. and total redistribution of the area. On the other hand, 
. almost all hypoperfused regions corresponding to totally 
-occluded coronary arteries with no or poor collateral 
*:vessels failed to demonstrate complete redistribution. 








"Thus, it appears that good quality collateral vessels may 
be inadequate to augment myocardial blood flow distal 
to a stenosis of a major coronary artery during stress, 
even though they afford relatively normal resting 
myocardial perfusion to the same region and thereby 
allow total redistribution. À similar beneficial effect of 
the coronary collateral vessels on resting but not exer- 
cise myocardial perfusion has been described by Ber- 
man et al.?! However, the effect of the collateral vessels 
on thallium-201 distribution has not previously been 
evaluated. 
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t nfection of Glutaraldehyde-Preserved Porcine 
. Valve Heterografts 









VICTOR J. FERRANS, MD, PhD Gross, histologic and ultrastructural changes associated with bacterial 
STEVEN W. BOYCE, BA infection are described in four porcine valve heterografts that had been 
7 MARGARET E. BILLINGHAM, MD in place in patients for 6 days to 28 months. In one patient, culture of the 

_ THOMAS L. SPRAY, MD aortic tissue tag included in the heterograft container grew Mycobacterium | 
(0 EE EN ROBERTS. MO, RACC chelonei; however, examination of the heterograft, recovered at necropsy - 
- Bethesda, Maryland 6 days after implantation, revealed small colonies of bacteria that differed 


Stanford, California morphologically from mycobacteria. A second heterograft was the site 
of staphylococcal infection associated with extensive destruction of 
collagen in the leaflets. Similar destruction was observed in a third het- 

erograft, which was found to have organisms on ultrastructural study even 

though bacterial cultures of the valve were negative. The fourth hetero- 

graft, from a patient who died of coronary embolism secondary to 

dislodgment of vegetative material, contained structures resembling lysed 

bacteria. Observations in these 4 patients and review of published reports - 

of infection involving 43 other patients with porcine valve heterografts 

indicates that infection in these valves: (1) develops in the fibrin layer that 

covers the cusps, (2) can involve the collagen in the leaflets, and (3) is 

uncommonly (three patients) associated with valve ring abscesses. — 


Infection of a valve prosthesis is a serious complication of cardiac valve © 
replacement. Detailed descriptions have been made of the clinicaland ^. 
morphologic features of infections in rigid-framed prosthetic valvesi-15; — 
however, only a few reports have been published of infections in glutà- ce 
raldehyde-preserved porcine valve heterografts,!?-?? and morphologic 
changes associated with these infections have received little attention. 
This communication describes gross, histologic and ultrastructuralal- —— 
terations associated with bacterial infection in four porcine valve het- — 
erografts, summarizes previous reports of infection in porcine hetero- __ 
grafts and compares the features of infections in these valves and inother — 
types of prosthetic heart valves. 


Methods 





Patients Studied 


The study group consisted of four patients, three men and one woman, aged 

28 to 68 years (average 50), who had bacterial infection in a glutaraldehyde- 

; treated porcine valve heterograft. Evidence of infection was obtained from : 

gio DESEEN ets oe Fean uao, bacterial culture or morphologic examination of the prosthesis, or both. The 

| e, National Institutes of Health, clinical features of these four patients and the morphologic features of the het- 

veiut iactiniye ha E ec Medie. erografts are summarized in Tables I and HH. E 

Stanf xd d. California. Manuscript exiens sut The porcine valve heterografts had been in place for 6 days to 28 months. In 

vember 6, 1978; revised manuscript received Patient 1, the heterograft was implanted i in the aortic position. Patient 2 had 

January 2, 1979, accepted January 3, 1979. two heterografts, one in the aortic and one in the mitral position; the latter. 

_ Address for reprints: Victor J. Ferrans, MD, heterograft.did not become infected. Patient 3 also had two heterografts, one 

National Institutes of Health, Building 10, Room in the mitral and one in the tricuspid position; only the mitral heterograft became 
7N-208, Bethesda, Maryland 20014. infected. In Patient 4, the heterograft was in the mitral position. 
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‘TABLE | 




















Clinical Findings in Four Patients With Infected Porcine Valve Heterografts 
Clinical Features Patient 1 Patient 2 Patient 3 Patient 4 
Age (yr) 66 68 28 44 
Sex F M M M 
Preop diagnosis AR, aortic aneurysm AR, MR MR, TR MR 
Valve replaced with PVH Aortic Aortic and mitral Mitral and tricuspid Mitral 
Factors predisposing to 8 0 Opiate addiction 0 
7 infection 
| Cultured organism Mycobacterium chelonei Enterobacter cloacae, Staphylococcus aureus None 
cut cultured from tag a-Streptococeus, 
Citrobacter fuente 
Clinical evidence of PVH e Suggestive + Suggestive 
infection 
Noncardiac infection 8 0 + 0 
Antibiotic therapy before 6 0 Natcillin for 6 weeks 0 
PVH excised 
PVH dysfunction [ + (stenosis) t (stenosis) + (stenosis) 
interval between PVH 6€ days 5 months 4.5 months 28 months 
implantation and removal 
Outcome Died of ascending aortic Died of coronary embolus Alive; infected mitral PVH Alive; PVH replaced 
aneurysm replaced with another PVH ir rigid-framed 
valve 





+ = change present; 0 = change 





absent; a-Streptococcus = alpha-hemolytic streptococcus. AR = aortic regurgitation; MR = mitral regurgitation; 


_preop = preoperative; PVH = porcine valve heterograft; TR = tricuspid regurgitation, TVR = tricuspid valve replacement. 


Case Reports 
Patient 1, who had a diagnosis-of aortic regurgitation sec- 


c ondary to the Ehler-Danlos syndrome, died of complications 


^ of dissecting aneurysm 6 days after implantation of the aortic 


e porcine valve heterograft. She had no clinical evidence of in- 


“fection of the heterograft, but a tag of aortic tissue included 
in the heterograft container was cultured at the time of op- 
eration and eventually grew Mycobacterium chelonei.9*24 At 

^ necropsy, the heterograft appeared grossly normal and was 

not cultured. 

^. Patient 2, who had been hospitalized in 1974 for suspected 

— dunproved, but treated) infective endocarditis, was admitted 

-in August 1977 with congestive heart failure secondary to 
aortic and mitral regurgitation. The mitral and aortic valves 

-were replaced by porcine valve heterografts. Two days after 

"operation, the patient had an episode of atrial fibrillation, and 


cC expressive aphasia and right-sided hemiplegia developed. He 
| s was discharged several weeks later without further compli- 


. «€ations but, in January 1978, he died of a coronary embolus 
VI day after admission for treatment of recurrent congestive 
"heart failure. At necropsy, the eusps of the aortic heterograft 
were filled with abundant vegetations. 


.. TABLE Il 








E Morphologic Observations on Four Infected Porcine Valve Heterografts 
Microscopie Changes 


Patient 3, an opiate addict who had used drugs intrave- 
nously for about 10 years, had severe mitral and tricuspid 
valve regurgitation after three separate episodes of infective 
endocarditis (two with Staphylococcus aureus and one with 
alpha streptococcus). In August 1977, he underwent mitral 


and tricuspid valve replacement with porcine valve hetero-- 


grafts. 'Phe excised valves showed evidence of healed endo- 
carditis, but ‘no organisms were detected on culture or histo- 
logic study. One week after operation, complete heart block 
developed, requiring implantation of a permanent epicardial 


pacemaker. In November 1977, the patient was admitted with- 


a Staphylococcus aureus infection involving the mitral valve 
heterograft and the site of implantation of the pacemaker 
batteries. The patient responded to removal (and replace- 
ment) of the pacemaker and to therapy with nafcillin; how- 
ever, in January 1978, less than 2 weeks after discharge, he was 
again admitted with evidence of staphylococcal infection of 
the mitral valve heterograft. Because of the persistence of 
symptoms and echocardiographic findings suggestive of 
vegetations, this heterograft was replaced by another porcine 
valve. Át operation the other cardiac valves, including the 
tricuspid porcine heterograft, were normal. The mitral valve 














zs Gross Appearance inflammatory Disrupted Caíicific Lipid 
Case no. of Cusps Fibrin Celis Collagen Deposits Deposits Organisms 
1 Normal + 0 * 0 0 Rods with flagella; located 
beneath thin fibrin layer 
Covering surface 
2 Friable tan-yellow vegetations * + ++ 0 0 Rounded "ghosts". not 
narrowing valve orifice definitely identifiable as 
: bacteria, in vegetations 
3 Vegetations; valve orifice +++ + +++ + ++ Cocci in cusps and 
narrowed vegetations 
4 Covered with thick shaggy ++ + T4 * +++ ^ Spore-forming, rod-like 
material 3 bactería in cusps 





0 = none; + = mild; ++ = moderate; +++ = severe. 
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heterograft contained multiple vegetations with gram-positive 
cocci. A small pocket of pus was present in the valve ring and 
grew Staphylococcus aureus in culture. The patient has done 
well since operation. 

Patient 4 (Patient 10 in reference 35) had a history of an 
“autoimmune disease” characterized by vasculitis, arthritis 
and temporal arteritis. In 1974, because of mitral regurgitation 
caused by rupture of chordae tendineae, he underwent mitral 
valve replacement with a porcine valve heterograft. In June 
1976, congestive heart failure developed; a mean diastolic 
pressure gradient of 34 mm Hg across the porcine mitral valve 
was recorded. The white blood cell count was 16,500/mm? of 
blood, but, no antibiotic treatment was given before reoper- 
ation because results of blood cultures were negative and there 
were no embolic signs or fever. At reoperation, the porcine 
valve appeared to be partially disintegrated and was covered 
with a large amount of shaggy gray friable material. The 
heterograft was replaced by a rigid-framed prosthesis, and the 
patient recovered uneventfully. 


Preparation of Tissues 


The porcine valve heterografts were removed either at op- 
eration (Patients 3 and 4) or at necropsy (Patients 1 and 2) and 
were fixed with cold 3 percent glutaraldehyde in 0.1 molar 
phosphate buffer, pH 7.2. Histologic sections were prepared 
according to techniques reported previously in detail.?? Se- 
lected portions of the valves were cut, fixed with cold 1 percent 
osmium tetroxide in Millonig's phosphate buffer, and em- 
bedded in Maraglas®.*° Sections, 0.5 u thick, were stained with 
alkaline toluidine blue and examined with a light microscope 
to select areas for electron microscopic study. Ultrathin sec- 
tions were stained with ethanolic uranyl acetate and Reynolds' 
lead citrate, and examined with a JEOL 100B electron mi- 
croscope. 

Results 


The results of gross anatomic, histologic and ultra- 
structural examination of the four valves are summa- 


rized in Table II. 


Patient 1: T'he porcine valve was grossly normal. Micro- 
scopically, it showed only minimal disruption of collagen and 
a few small (less than 20 wu in size) colonies of bacteria. The 
bacteria (Fig. 1) were located in a thin layer of fibrin that 
covered the heterograft and between this layer and the surface 
of the heterograft. They were not observed in deeper areas of 
tissue, were not associated with inflammatory cells and were 
not acid-fast. On ultrastructural examination (Fig. 2), the 
morphologic features of the bacteria corresponded to those 
of flagella-bearing gram-negative rods. These organisms ap- 
peared well preserved and could have been viable. The bac- 
teria had thin cell walls and well defined trilaminar mem- 
branes. The cytoplasm of the bacteria contained abundant 
clusters of electron-dense granules scattered between clumps 
of nucleoid material. The bacteria had an average length of 
2 u and width of 0.5 u. 

Patient 2: The cusps of the porcine valve contained abun- 
dant friable yellow-tan vegetations that severely narrowed the 
valve orifice. Microscopically, the vegetations consisted of 
laminated masses of fibrin in which a few neutrophils and 
macrophages were present (Fig. 3, A to C). Special stains of 
histologic sections revealed no organisms; however, light and 
electron microscopic examination of plastic-embedded frag- 
ments of vegetations revealed the presence of rare foci of 
rounded or somewhat elongated structures that measured 
about 0.4 u in diameter. These ghost-like structures had 

* fragmented trilaminar membranes and dense, poorly defined 
contents (Fig. 3, D and E). 
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FIGURE 1. Patient 1. Light micrograph of section of the heterograft. 
A thin layer of fibrin overlies the surface of the heterograft, and a small 
cluster of bacteria (arrowheads) is located between the fibrin and the 
valve collagen. Section of plastic embedded tissue, 0.5 u thick, stained 
with toluidine blue and viewed with Nomarski differential interference 
contrast optics (X 1,600, reduced by 5 percent). 


Patients 3 and 4: The valves from these two patients had 
extensive vegetations on the cusps. Although these valves 
demonstrated different organisms, they showed very similar 
ultrastructural changes, including severe disruption of the 
collagenous framework, lipid deposits and focal calcific de- 
posits. The changes in collagen and the lipid deposits were 
similar to those previously described in deteriorating porcine 
valve heterografts.3? The calcific deposits were present in fi- 
brin-platelet thrombi. In addition, both valves had sites of 
deep penetration by bacteria into the substance of the leaflets. 
In contrast, polymorphonuclear leukocytes and macrophages 
were located mostly in the vegetations. In both valves, these 
cells were present only in small numbers on the surfaces of the 
leaflets and were essentially absent from the deep-seated areas 
of bacterial invasion. 

In Patient 3 the bacteria in the porcine valve heterograft 
were readily identified, as cocci on light; microscopic study 
of histologic sections and plastic sections of tissue embedded 
for electron microscopy (Fig. 4). On ultrastructural study, 
these organisms appeared round in shape, measured up to 1.2 
u in diameter and had prominent cell walls, discrete plasma 
membranes, mesosomes and filamentous strands of nuclear 
material (Fig. 5). These ultrastructural features are known to 
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FIGURE 2. Patient 1. Electron micrographs showing the morphologic features of bacteria in the heterograft (all specified magnifications reduced 
by 2 percent). A, low magnification view of bacterium (arrowheads) surrounded by thin, elongated strands of fibrin (X 14,600); B, bacterium from 
a section serial to that shown in A has trilaminar plasma membrane and a very thin cell wall of the type found in gram-negative bacteria (66,500); 
C, another bacterium is immediately acjacent to layer of altered collagen at the surface of the heterograft (bottom). Fibrin strands are shown at 
top (X 19,700); D, high magnification view of the same bacterium as in C, showing flagella (lower left) (X6 1,500); E, slightly oblique section through 
another bacterium showing the good preservation of its cytologic features. Note the plasma membrane and the thin cell wall (X 75,000). 
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FIGURE 3. Patient 2. Light (A and B) and electron (C, D and E) micrographs of sections through large vegetation on cusp of heterograft. (all specified 
magnifications reduced by 2 percent). A, vegetation is composed of layered strands of fibrin. Section, 0.5 H thick, toluidine blue stain (X250); B, 
Small rounded or slightly elongated particles (arrowheads) are present in close association with the fibrin. Section, 0.5 thick, toluidine blue stain 
(X800); C, low magnification electron micrograph of fibrin strands (arrowheads) in the vegetation (X 12,000); D, “‘ghost-like’’ forms (arrowheads) 
resembling bacteria are present in an area similar to that shown in B (34,000); E, high magnification view of structures (outlined by arrowheads) 
Such as those shown in D. The gray material surrounding these structures is fibrin (X75,000). 


June 1979 The American Journal of CARDIOLOGY Volume 43 1127 


HETEROGRAFT INFECTION—FERRANS ET AL. 


t AU» 


E 





FIGURE 4. Patient 3. Light micrographs of sections, 0.5 u thick, stained with toluidine blue, of valve heterograft (all specified magnifications reduced 
by 7 percent). A, low magnification view of large vegetation (top and center) overlying valve surface (indicated by small white arrowheads) and 
valve fibrosa. Vegetation contains layered fibrin and inflammatory cells (X200); (B. view of valve heterograft (corresponding to lower third of A) 
showing bacterial invasion of collagen bundles, which appear widely separated. Note the absence of inflammatory cells from this area of the heterograft 
(X400), C, high magnification micrograph (Nomarski differential interference contrast optics) of cluster of bacteria (same cluster as in upper right 
of B) having the typical morphologic features of cocci (compare with Fig. 5) (X 1,600). 
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FIGURE 5. Patient 3. Electron micrographs of staphylococci in vegetations on the heterograft (all specified magnifications reduced by 9 percent). 
A, numerous closely packed organisms are embedded in amorphous material. Note that several of these bacteria have disrupted cell walls (arrowheads) 


and appear to have lysed (X35,400); B, intact bacterium with thick cell wall and pale-staining fibrillar nuclear material (X84,000); C, organism 
that is in process of dividing, as evidenced by partial formation of new septum composed of cell membrane and cell wall (X94,000). 
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FIGURE 6. Patient 3. Electron micrographs of valve damage in heterograft (all specified in magnifications reduced by 10 percent). A, area of invasion 
of valve collagen by staphylococci (upper right). Note the severe disorganization of collagen structure (a few remaining collagen fibrils are indicated 
by arrowheads) and the accumulation of considerable amount of debris (X30,000); B, high magnification view of area similar to that in lower left 
of A. Only a few collagen fibrils are recognizable, and they are surrounded by gray material presumed to be necrotic collagen (85,000). 


be typical of staphylococci.96? Many organisms appeared to 
be in different stages of lysis and nucleoid disintegration. 
Others showed evidence of continuing cell division, as mani- 
fested by the presence of partially developed cell walls. The 
cell walls in numerous bacteria were thinner than normal. 
Such cells were lysed and were in the process of extruding their 
content. The bacteria that had penetrated the deepest into 
the collagen framework of the cusps showed the least mor- 
phologic change. Many of these bacteria still had a normal cell 
wall structure, with outer and inner dense layers and an in- 
tervening less dense layer. Their cell walls also varied in 
thickness. The collagen bundles that had been invaded by 
bacteria were fragmented, disrupted and necrotic (Fig. 6). 

In Patient 4 the valve was shaggy and necrotic. Bacteria in 
this valve were not identifiable on light microscopic study 
using special stains, but ultrastructural examination revealed 
a number of colonies of spore-forming rod-like bacilli mea- 
suring up to 1.5 u in length and 0.3 u in width. The appearance 
of these bacteria was variable (Fig. 7). Some organisms con- 
sisted mainly of empty shells and appeared dead; others were 
well preserved and could have been viable. The organisms 
present deep in the substance of the cusps were associated 
with severely necrotic connective tissue. As in the valve of 
Patient 3, inflammatory cells were present in the vegetations 
on the surface of the heterograft, but did not penetrate into 
the underlying collagen framework. 


Discussion 


Morphologic features of infection of porcine 
valve heterografts: The morphologic observations in 
these four patients illustrate the variety of clinical and 


morphologic changes associated with infection of por- 
cine valve heterografts. 

The findings in Patient 1 are compatible with a very 
early infection of a recently implanted (6 days) het- 
erograft. This situation is complicated by the finding 
of two different organisms, one demonstrated mor- 
phologically in the valve itself and the other grown on 
culture of the aortic tissue tag. This infection was clin- 
ically inapparent, as would be expected in a valve that 
had only a few small colonies of bacteria. The excellent 
state of preservation of these organisms suggests that 
they were viable and probably had not been present at 
implantation of the valve (perhaps colonizing it before 
commercial processing) and then inactivated by treat- 
ment of the valve with glutaraldehyde before clinical 
use. However, the latter possibility cannot be excluded 
because it is known that porcine valves are collected 
under nonsterile conditions at the time when the ani- 
mals are killed and that they are sterilized by the glu- 
taraldehyde processing. In this respect, it must be noted 
that Ashraf and Bloor?? reported the detection, using 
scanning electron microscopy, of elongated, rod-like 
bacteria on the surface of a porcine heterograft that had 
been in place in the aortic position for 2 months in a 
patient with a previous history of aortic regurgitation 
secondary to staphylococcal endocarditis. The clinical 
significance of the rod-like bacteria they found in this 
valve at necropsy is uncertain. The organisms found in 
our Patient 1 were located deep to the layer of fibrin 
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FIGURE 7. Patient 4. Electron micrographs of bacteria in heterograft (all specified ma 
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gnifications reduced by 10 percent). A, low magnification 


view of colony of elongated, rod-like bacteria (arrowheads) deep in leaftlet of heterograft. Note the bundle of collagen fibrils at lower left and amorphous, 
dark gray material surrounding the bacteria. The round clear spaces represent lipid deposits (X 22,500). B, the bacteria are surrounded in collagen 
and amorphous material. Some of the organisms have electron-dense lamellae in their cytoplasm (X 45,000). 


covering the surface of the heterograft, suggesting that 
they were not postmortem contaminants. Accordingly, 
we favor the possibility that these organisms repre- 
sented an early stage of infection that would have be- 
come clinically manifest had the patient survived 
longer. 

The species of the organism detected on ultra- 
structural study of the heterograft from Patient 1 could 
not be determined on the basis of morphologic study 
alone. Nevertheless, our observations show that the 
morphologic features of this organism differed from 
those of the Mycobacterium chelonei that grew on cul- 
ture of an aortic tissue tag included in the container of 
the heterograft implanted in this patient.3??4 The 
bacteria observed by us had flagella and thin cell walls. 
In contrast, mycobacteria are nonmobile and lack fla- 
gella; they have thick complex cell walls in which the 
mycobacterial waxes (responsible for acid-fastness) are 
present.49-4? Thus, it is tempting to conclude that the 
heterograft from Patient 1 was infected with two dif- 
ferent organisms. Among the patients reported to have 
received porcine valve heterografts from which the 
aortic tags grew Mycobacterium species in culture, only 
one* had clinical evidence of infection with this type 
of organism. This patient had pericardial effusion 2 
months after valve implantation, and Mycobacterium 
chelonei was cultured from the pericardial fluid. We are 
aware of only one patient who had infection with My- 
*cobacterium chelonei in a prosthetic heart valve.4? This 


patient underwent aortic valve replacement with a 
Bjórk-Shiley valve because of endocarditis due to 
gram-positive cocci. Four and one-half months after 
operation, fever and aneurysmal dilatation of the as- 
cending aorta developed. Blood cultures grew Myco- 
bacterium chelonei. The patient died of rupture of the 
aneurysm, and at necropsy vegetations containing 
acid-fast bacilli (again shown by culture to be Myco- 
bacterium chelonei) were found attached to the edge of 
the prosthesis and on the aortic incision line. 

Patients 2 and 4 illustrate other problems encoun- 
tered in the bacteriologic diagnosis of infections of 
porcine valve heterografts. Although Patient 2 had 
large florid vegetations filling the cusps and obstructing 
the orifice of this aortic porcine heterograft, and his 
death was caused by a coronary embolus, incontrover- 
tible evidence of prosthetic infection could not be ob- 
tained. Culture of heart blood at necropsy grew three 
different organisms (alpha-streptococcus, Enterobacter 
cloacae, Citrobacter fuente), which were considered 
likely to be contaminants. Electron microscopic exam- 
ination of the vegetations disclosed “ghost” forms that 
resembled bacteria but could not be unequivocally 
identified as such. These forms differed from the cell 
wall-deficient bacteria recently reported by Piepkorn 
and Reichenbach** to cause endocarditis involving 
native valves in four patients. 

The nature of the infection in Patient 4 also remains 
uncertain because no growth was obtained on culture 
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Reports of Infection of implanted Porcine Valve Heterografts 


TABLE Ill (continued) 
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of the valve, even though bacterial colonies and necrotic 
leaflet tissue and vegetations were found when the 
heterograft was removed. 'The patient had not received 
antibiotic therapy before operation. Because the het- 
erograft had been in place for 2 1/2 years, it seems likely 
that the infection was acquired after implantation 
rather than at the time of operation. Although it is 


possible that the infection was related to the cardiac | 


catheterization performed before removal of the in- 
fected heterograft, the catheterization was undertaken — 
because the patient already had evidence of obstruction 
to flow through the heterograft. Thus, ultrastructural. 
study provided the only unequivocal evidence that the 
porcine valve heterograft in this patient was infected. 
The histologic and ultrastructural findings on the 
porcine valve heterograft from Patients 2 and 3 show. 
that severe destruction of the collagen framework can 
occur in infection of valve bioprostheses. In Patient 3, - 
invasion and colonization by Staphylococcus aureus was | 
observed not only within the vegetations filling the 
cusps of the heterograft but also deep in the leaflets. The 
severe destruction and necrosis of the collagen bundles 
in sites of deep penetration and colonization of the or- 
ganisms can be attributed to proteolytic enzymes re“ 
leased by inflammatory cells and bacteria. Polymor- 
phonuclear leukocytes and macrophages are known to | 
produce a specific collagenase,*?46 but Staphylococcus 
aureus is not. Nevertheless, the destructive effects of 
staphylococcal infections on native cardiac valves are 


well known. In the valve of Patient 2, inflammatory cells- E 
were localized only in the vegetations on the surfaceof | 


the valve and not within the leaflets. This absence of 
inflammatory cells from deep areas of infected porcine 
valve heterografts is in keeping with previous observa- 
tions?? showing that inflammatory cells in noninfected 


porcine heterografts show no tendency to invade the ^. : 


leaflets but tend to remain localized on the surfaces. 


Many of the staphylococci in the valve from Patient | 
3 had undergone morphologic changes, including in- 


crease in cell size and thinning of the cell walls, which - 
probably resulted from treatment of the patient with 
nafcillin for 6 weeks before valve replacement. Such 
ultrastructural features have been described in peni- 
cillin-treated staphylococci.??47 However, not all of the: 
bacteria were in a stage of lysis or degeneration. The 
colonies of bacteria situated in the collagen of the leaflet 
showed only slight morphologic changes, and a few of 
these bacteria appeared to be in the process of cell di- 
vision. This would indicate that the antibiotic therapy 
was not effective against the deeper-penetrating bac- 
teria and that some of the bacteria were still viable at 
the time of valve removal. This observation is consistent 
with the detection of Staphylococcus aureus on culture 
of the porcine valve heterograft at the time of re- 
moval. 

Review of clinical and pathologic changes re- - 
ported in infection of porcine valve heterografts: 
Including the 4 valves in the 4 patients in our study, 
infection in porcine valve heterografts has been reported - 
in a total of 47 valves implanted in 47 patients.!58-9? _ 
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Because of the limited amount of information presented 
in many of these reports, the following data almost 
certainly underestimate the true incidence of the find- 
ings. Nevertheless, some useful generalizations can be 
derived from review of the observations in these patients 
(Table IIT). Two porcine valve heterografts had been 
implanted in at least 4 of the 47 patients; however, none 
of these 4 patients had infection in more than one het- 
erograft, and the most downstream valve was the one 
always infected. Seventeen of the infected heterografts 
were in the mitral position, 16 in the aortic position, 1 
. in the tricuspid position and 1 in the pulmonary posi- 
tion; the site of implantation of the remaining 12 valves 
was not reported. In 6 patients, the infection occurred 
within 2 months after implantation; in 23 other patients, 
it became evident more than 2 months after implanta- 
tion (maximal time 45 months), and in 18 patients the 
time at which infection developed was not specified. 

Bacteriologic identification of a total of 24 infecting 


^ organisms was reported in 22 valves: Eleven of these 


organisms were streptococci, 3 staphylococci; 4 gram- 
negative rods and 4 fungi (including 3 candida species 
and 1 phycomyces). In two other valves (from two of our 
. four patients) organisms were seen on morphologic 
study but were not identified bacteriologically. 

The single factor most frequently identified as 
predisposing to infection of porcine valve heterografts 
was opiate addiction (five patients). All five patients had 
undergone implantation of a porcine valve heterograft 
as part of therapy for a separate episode of infective 
endocarditis involving the patient's own valve. 

Dysfunction was reported to occur in 14 of the in- 
fected heterografts: 6 heterografts had stenosis due to 
vegetations interfering with cuspal motion; 7 had 
- regurgitation, although perforation of the cusps was not 
specifically reported in any valve, and one had a peri- 
valve leak. Valve ring abscesses were described in three 
patients, but were sterile in two of them. Of the 47 pa- 
tients, 19 (40 percent) died of various complications of 
infection (Table IIT). 

Comparison of features of infection involving 
porcine valve heterografts and other types of 
prosthetie heart valves: These observations show that 
infection of porcine valve heterografts differs in several 
respects from infection involving other types of pros- 
thetie heart valves. There are several characteristics of 
infection of rigid-framed prosthetic valves!-!5: (1) The 
infection does not involve the prosthetic material; in- 
stead, it involves biologic materials such as fibrin, or- 
ganized thrombi and fibrous tissue that have covered 
the prosthetic valve; (2) the infection is characteristi- 
cally located at the site of attachment of the sewing ring 
to host tissue; (3) valve ring abscesses are to be expected; 
and (4) the infection does not destroy the prosthesis 
itself although it may cause it to malfunction mechan- 
ically and to become detached from the valve ring. 

In contrast to these characteristics of infection of 
rigid-framed prosthetic valves, infection of porcine 
valve heterografts has the following features: (1) It can 
involve the prosthetic material itself as well as fibrin, 


organized thrombi and fibrous tissue from the host; (2) 
it is localized in the cusps; (3) it can destroy the pros- 
thesis itself and (4) it is uncommonly associated with 
valve ring abscesses. The destruction of bioprosthetic 
tissue is illustrated by our observations of invasion of 
the leaflet substance and severe breakdown of collagen 
in the heterografts from two or our patients (Patients 
3 and 4). This pattern of localization of infection of 
porcine valve heterografts is similar to that reported in 
other types of bioprostheses, including homografts,4**4 
fascia lata valves??? and pericardial valves.5? 

Perforation occurring in.a cusp of a porcine valve as 
the result of infection has not been reported, in spite 
of the potential for destruction of infected bioprosthetic 
tissue, although prosthetic regurgitation due to un- 
specified anatomic lesions has been found in infected 
porcine valves (Table IH). Perforations of the leaflets 
of porcine valves appear to be consequences of degen- 
erative breakdown of their connective tissue.?? Thus, 
the observations just reviewed suggest that, probably 
because of the glutaraldehyde treatment, porcine valve 
heterografts are less easily destroyed by infectionsthan 
are native valves, homografts and fascia lata valves. 

Prosthetic valve stenosis caused by infected vege- 
tations appears to be a relatively common complication 
of porcine heterograft infection (Table III). This com- 
plication must be distinguished from obstruction to flow 
caused either by calcific deposits in the leaflets, with 
resulting loss of mobility, or by the presence of large 
noninfected thrombi within the cusps. 

Valve ring abscesses and perivaive leaks (occurring 
in 3 and 1, respectively, of 47 patients) appear to be 
uncommon (Table III; when porcine valves become 
infected. The incidence rate of valve ring abscesses in 
patients with rigid-framed prosthetic valves is high. 
Arnett and Roberts and their co-workers!*!? found 
valve ring abscesses in each of their 22 patients with 
fatal infection of rigid-framed prosthetic valves, and the 
entire circumference of the valve anulus was necrotic 
in two thirds of these patients. 

The mortality rate of infection of porcine valve het- 
erografts is high (40 percent) in spite of what appear to 
be more favorable characteristics of infection (Table 
IH). Nevertheless, the data available are incomplete, 
and the number of patients whose exact cause of death 
was reported is too smail for a meaningful analysis. 

Possible mechanisms of infection of prosthetic 
heart valves: Although the site of infection might be 
expected to be similar in rigid-framed prostheses and 
in porcine valve heterografts, because the devices have 
similar sewing rings, this is not the case. In our Patient 
1, fibrin deposits were the sites of localization of small 
bacterial colonies considered to represent early stages 
of infection. This observation is in accord with the re- 
sults of ultrastructural studies of the early stages of 
infection in experimentally induced infective endo- 
carditis in animals.55-?! Those studies have shown that 
fibrin-platelet microthrombi are the sites of initial at- 
tachment and colonization of valves by bacteria and 
that denudation of valve endothelium (which exposes 
the highly thrombogenic connective tissue of the sub- 
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endothelial region) is the factor leading to the formation 
of these microthrombi. It is known??6263 that nonim- 
planted glutaraldehyde-stabilized porcine valve het- 
erografts are denuded of endothelium and that after 
implantation they become covered with a layer of fibrin. 
— This layer of fibrin, which does not become covered by 
-endothelium or a fibrous sheath, appears to be the 
|... preferred site of bacterial invasion. It has been sug- 

- gested that the sites of infection in rigid-framed pros- 
thetic heart valves are small platelet-fibrin thrombi that 
become organized by undergoing fibroblastic invasion 
and grow to cover portions of the sewing cloth of the 
prosthesis. A similar process of growth of host fibrous 
tissue occurs in implanted porcine valve heterografts. 
However, for reasons that may be related to the gluta- 
raldehyde treatment of the porcine tissue, the ingrowth 
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of host fibrous tissue does not extend into the cusps. 
themselves.35623 Thus, bacteria appear to be more 
likely to colonize the fibrin on the cusps than the orga- 
nizing fibrous tissue in the sewing ring. 

In conclusion, our study shows that bacterial infec- © 
tions of porcine valve heterografts involve the valve. 
cusps and can cause considerable destruction of pros- 
thetic tissue. Such infections probably begin with the 
attachment of bacteria to the fibrin deposits that form 
on the cusp surfaces. Review of previous reports indi- 
cates that these infections have a high mortality rate, 
although they are not frequently associated with valve 
ring abscesses. Ultrastructural study can be of consid- 
erable value in assessing the extent of prosthetic tissue- 
damage and in determining the nature of the bacterial 
infection. 
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InterLith-RP The safe response to changing 


rate requirements. 


The InterLith-RP rate programming system is more 

han simple and straightforward. It is fail-safe. 

When you program one ofthe InterLith-RP's nine pro- 

jgrammanple pulse rates, your heart pacing decision 
oes into effect instantaneously. And it doesn't change 

intil you changeit. Aspecial fail-safe feature, which 
quires the occurrence of two simultaneous electrical 
vents for programming totake place, safeguards 
gainst accidental reprogramming. 

The InterLith-RP combines safety with Intermedics 
acemaker reliability to give you control and confi- 
ence in your heart pacing decisions. 

. Safety is just one important reason to put your confi- 
ence in the InterLith-RP 


terLith®is a registered trademark of Intermedics, Inc., Freeport, TX. 





%@ Intermedics Inc. 


Our business is life. 


To 42 MILLION HYPERTENSIVE 
PATIENTS, THIS IS USUALLY THE ONLY SIGN 
THAT INDERAL IS WORKING. 


(PROPRANOLOL HCI) 


A modest reduction in pulse rate: usually 
the first sign that INDERAL is at work. 
Mode of action, yes. Side effect, no. Because 
it is generally accepted that even heart rates 
as low as 50 to 55 beats per minute, in otherwise 
asymptomatic patients, are not usually a cause 
for concern. The real side effects* associated 
with INDERAL occur so infrequently that today 
over 42 million hypertensive patients are 
doing well on regimens built around INDERAL. 
To their physicians, the signs are 
even more encouraging... 
because INDERAL, alone or in combination 
with other agents, has established a remarkable 
record of blood pressure control. Another 
encouraging sign: increased dosage usually does 
not produce proportional decreases in heart rate. 
Proper patient selection is important: 
INDERAL should be employed only in the 
absence of congestive heart failure, sinus brady- 
cardia, or heart block greater than first degree.* 
But in most patients, the initial signs of its 
effect will be reflected in subsequent signs of 
effectiveness: significantly lowered blood 
pressure. 


Effective in b.i.d. dosage 

For most patients twice-daily dosing of INDERAL 
is effective in maintaining blood pressure 
reduction throughout the day. Some patients 

on lower doses may experience a modest rise in 
blood pressure at the end of a 12-hour interval. 
Larger doses, or t.i.d. dosing, should re-establish 
control. 








At the heart of well-tolerated 
antihypertensive therapy 


INDERAL @ 


(PROPRANOLOL HCI) 
BID 


FOR HYPERTENSION 
40 mg and 80 mg tablets 





*Please see the following page for brief summary of prescribing 
information on warnings, including avoidance of abrupt withdrawal, 
contraindications, and adverse reactions. 












- (PROPRANOLOL 
HCl) 


BRIEF SUMMARY 

(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR} 
“oe inderat® BRAND OF 
propranctal hedroctionde 
A beta-adrenergic blocking agent 





BEFORE USING INDERAL (PROPRANOLOL HYDROCHLORIDE), THE PHYSICIAN 
SHOULD BE THOROUGHLY FAMILIAR WITH THE BASIC CONCEPT OF 


ADRENERGIC RECEPTORS (ALPHA AND BETA}. AND THE PHARMACOLOGY OF 
THIS. DRUG 





ACTIONS 

The mechanism of the antihypertensive effects of INDERAL has not been established 
Among the acors that may be involved in the antihypertensive action are (1) decreased 
cardiae output, (2) inhibition of renin release by the kidneys, and (3) diminution of tonic sym- 
pathetic nese outflow from vasomotor centsirs in the brain 

Propranoml hydrochloride decreases heart rate, cardiac output, and blood pressure. Al- 
though totalperipheral vascular resistance nay increase initially. it readjusts to the pretreat- 
ment level, aricwer, with chronic usage. Earlier studies indicate that plasma volume remains 
unchanged or may decrease. However, there are certain more recent studies suggesting 
that in the absence of sodium restriction, plasma volume may increase 


INDICATIONS 








Hypertensicn 
INDERAL is indicated in the management of hypertension. ft is usually used in combination 
with oar drags. particularly a frisazide diuretic. INDERAL is not indicated for treatment of 
hyperiensivecemergencies 

CONTRAINDICATIONS 
INDERAL is contraindicated in: bronchial asthma: 2) allergic rhinitis during the pollen sea- 
son; 3) sinus Oradycardia and greater than first degree block: 4) cardiogenic shack. 5) night 
ventricular faiure secondary to pulmonary hypertension: 6) congestive heart failure (see 
WARNINGS) unless the failure is Secondary to a tachyarrhythrnia treatable with INDERAL. 7j 
in patients onvadienergic-augmenting psychetropic drugs Gncluding MAO inhibitors), and 
during the twe week withdrawal period from such drugs 


WARNINGS 

CARDIAE FAURE. Sympathetic stimulation is a vitai component supporting circulatory 
fünction in congestive heart failure, and inhibition with beta-blockade always carries the po- 
tential hazard of further depressing myocardial contractility and precipitating cardiac tail- 
ure. INDERALsacts selectively without abolishing the inotropic action of digitalis on the heart 
muscle (i.e., that.of supporting the strength of myocardial contractions), in patients already 
receiving digitalis: the positive inotropic action of digitalis may be reduced by INDERALS 
negative notrapic effect. The effects of INDERAL and digitalis are additive in depressing AV 
conductian. 

iN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, continued depression of the 
myocardium over a period of time can. in some cases. lead to cardiac failure. In rare in- 
stances, this has been observed during INDERAL therapy Therefore. at the first sign or 
symptom of impending cardiac failure, patients should be fully digitalized and/or given a 
diutétic, and the response observed closely: ai if cardiac ladure conbinues, despite ade- 
quate digtalization and diuretic therapy INDERAL therapy should be immediatety with- 
oo drawn, D) tachyarhythmia is being controllec, patients should be maintained on com- 

- bined therapy andthe patient closely followed until threat of cardiac failure is over 















IN PATIENTS WETH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuation of 
INDERAL therapy Therefore, when discontiruance of INDERAL is planned the dosage 
should be gradually reduced ang the patient carefully monitored. In addition, when 
INDERAL is presctibedior angina pectoris, the patient should be cautioned against 

interruption ec cessation of therapy without the physician s advice. if INDERAL therapy 
^s interrupted.and exacerbation of angina occurs, it usually is advisable to reinstitute 

.. INDERAX therapy and take other measures appropriate for the management of unsta- 

ble arigina pectoris. Since coronary artery disease may be unrecognized. it may be 

prudent to foflowahe above advice in patients considered at risk of having occult 
atherosclerotic heart disease, who are given propranolol far other indications 











IN PATIENTS WITH THYROTOXICOSIS, possible deleterious effects from long term use 


have not been adequately appraised Special consideration should be given to 
propranoiol's potential for aggravating congestive hear failure Propranolol may mask the 
clinical signs of developing or continuing hyperthyroidism or complications and give a false 
impression of improvement. Therefore, abrupt withdrawal of propranolol may be followed by 
an exacerbation ef symptoms of hyperthyrdidisry, including thyroid storm. This is another 
reason for withdrawing propranoiol slowly Propranolol does not distort thyroid function 
tests, 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which. after propranolol, the tachycardia was replaced by a severe bradycardia 
fequiring a demand pacemaker. in one case this sesulted after an initial dose of 5 mg 
propranolo:. 

IN PATIENTS DURING ANESTHESIA with agents that require catecholamine release for 
maintenance of adequate cardiac function, beta blockade will impair the desired inotropic 
effect. Therefore, INDERAL should be titrated carelully when administered for arrhythmias 
occuring during anesthesia. 
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GONG MAJOR SURGERY bete Dlockade apars he ability ofthe: 

: -Forthis reason, with the exception of pheochromocytoma... 
vahidrawn 48 hours r to surgery at which time all chemical'arid phy: 

siologic effects are gene according loavailable evidence, However, in cage of emergency 

surgery, since INDERAL is a competitive inhibitor ol bete receptor agonists, ifs effects can 

be reversed by administration of such agents. e. g., isoproterenol or tevarterenol. However. 

Such patients may be subject to protract ed severe hypotension Ditficulty in restarting and 

ma:ntaining the heart beal has also been reported 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM (e.g. CHRONIC BRON- 






SCHITIS. EMPHYSEMA). INDERAL should be administered with caution since it may block 


Spronchodilation produced by endogenous and exogenous Catecnotamine stimulation of 
Deta receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: Because of its beta- 
adrenergic blocking activity INDERAL may prevent the appearance of prermonitory signs 
and symptoms (pulse rate and pressure changes) of acute hypoglycemia This is especially 
3mportant to keepon mind in patients with labie diabetes. Hypoglycemc attacks may be ac- 
zompanied by a precipitous &'evation of blood pressure 

USE IN PREGNANCY: The safe use of INDERAL in human pregnancy has not been es- 
tablished. Use of any drug in pregnancy or women of childbearing potential requires that 
me possible risk tc mother anc/or fetus be weighed against the expected therapeutic bene- 
if Embryotoxic effects have been seen in animal studies ai doses about 10 times the maxi- 
mur recommendéd human dese 





PRECAUTIONS 

Falients receiving catecholamine depleting drugs such as reserpine should be cH 
served if INDERAL is administered. The added catecholarine blocking action o 
may then produce an excessive reduction o! the resting sympathetic nervous act: 
sonally. the pharmacologic activity of INDERAL may produce hypotension and/or marked 
bradycardia resutting in vertigo, syncapal attecks, or orthostatic hypotension 

As with any new drug given over prolonged periods, laboratory parameters should be ab- 
served at regular imervats. The drug should be used with caution in patents with impaired 
enal ot hepatic function 






ADVERSE REACTIONS. 

Cardiovascular bradycardia, congestive heart fallure: inteasification of AV block. hypoten- 
sien, paresthesia of tands. arterial insufficiency usually of the Raynaud type: thrombocyto- 
perc purpura 

Zentral Nervous System: lightneadedness, mental denression manifested by insomnia, 
lassitude. weakness. fatigue. reversible menta! depression orogressing fo sual 
disturbances: hallucinations. an acute reversibie syndrome characterized Db Pond i 
fortime and place. short term memory loss, emotional lability stighthy clouded sensonum. 
and decreased perlermance on neuropsychometrics 

Gastrointestinal: nausea. vomiting, epigastro distress, abdominal cramping, diarrhea. 
constipation, mesenteric arteriaHthrombosis, ischemic colitis 

Alergic: pharyngitis and agranulocytosis ematous rash, fever combined wah aching 
and sore throat, laryngospasm and respiratory distress 

Bespiratory: bronchospasm 

Hematologic: agranulocytosis, nonthrombocvytopernic purpura, fhrombocytopenic 
purpura 

Miscellaneous: reversible alopecia. Oculomucocutaneous reactions involving the skit, 
seteus membranes and conjunctivae reported for a beta blocker (practolol) have nor been 
conciusivety associated with propranoiol 

Canicai Laboratory fest Findings. Elevated biood urea levels in patients with severe heart 
disease, elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase 


DOSAGE AND ADMINISTRATION 











ORAL 

HYPERTENSION — Dosage must be individuatzed. The usual intial dosage s 40 mg 
INDERAL twice daily, whether used alone or added to a diuretic. Dosage may be increased 
gradually unti adequate blood pressure is achieved. The usual dosage is 160 to 480 mg per 
day in some instances a dosage of 640 mg may de required. The tme needed for full hyper- 
tense response to a given dosage is variable and may range from a few days to several 
weeks 

Wee twice-daily dosing is effective and can maintain a reduction in Diood pressure 
throughout the day. same patients, especially when lower doses are used. may experience 
a medest nse in blood pressure toward the end of the 12 hour dosing interval, This can be 
evaluated by measuring blood pressure near ine end of the desing interval to determine 
whether satisfactory control is being maintained throughout the day H control is not ade- 
quate. a larger dose. or 3 times daily therapy may actveve better control 
PEDIATRIC DOSAGE 

AT fus tme the dala on the use of the drug in this age group are too limited to perma ade- 
quate-directions for use 


ANTRAVENOUS 
The intravenous admiistration of INDERAL has not been evaluated adequately in the 
management of hypertensive emergencies 


OVERDOSAGE OR EXAGGERATED RESPONSE 

IN THE EVENT OF OVERDOSAGE OR EXAGGERATED RESPONSE, THE FOLLOWING 
MEASURES SHOULD BE EMPLOYED 

BRADYCARDIA — ADMINISTER ATROPINE (0.25 to 1.0 mg): IF THERE iS NO RE- 
SPONSE TO VAGAL BLOCKADE. ADMINISTER ISOPROTERENOL CAUTIOUSLY, 

CAFDIAC FAILURE —DIGITALIZATION AND DIURETICS. 

HYPOTENSION -- VASOPRESSORS, e.g. LEVARTERENOL OR EPINEPHRINE (THERE IS 
EVIDENCE THAT EPINEPHRINE IS THE DRUG OF CHOICE } 

BRONCHOSPASM — ADMINISTER ISOPROTERENOL AND AMINOPHYLLINE 


HOW SUPPLIED 
INDERAL 
{propranolol hydrochloride) 





TABLETS 

No 46E- Each scored tablet contains 10 mg of propranolol hydrochionde, in botties of 100 
and 1.000. Also in und dose package of 160. 

No. 462-— Each scored tablet contains 20 mg of propranolol hydrochloride. in bottles of 106 
and 1,000. Aisoin und dose package of 100 

No 464 - Each scored tablet contains 40 mg of proprariotol hydrechionde, in bottles of 100 
ard 1,000. Also n unt dose package ot 100. 

No. 468 Each scored latiet contains 80 mg of propranolol hydrachionde. in bottles of 100 
and 1.000 Also in unit dose package of 100 

INJECTABLE 

No. 3285—Each m! contaies 1 mg of propranolol hydrochloride in Water for Injection. The 

pH is adiusted with citric acid. Supplied as: 1 mi ampuis in boxes of 10 
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You ae 
and Telemed 
"M recognize the 
difference 
between 
these 
contours. 
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Identical junctional ST segment elevations... 
different contour shapes. What’s the 
significance? Both the electrocardiographer 
and the Telemed Program recognize it imme- 
diately. Other computer ECG programs don't 
consider wave form shape in their analyses. 


Since the Telemed Program parallels the associative 
logic of the electrocardiographer, it also corelates 
patient age, sex, body build, clinical history and curent 
drug regimen with the ECG trace and reports their 
related clinical significance 

These are two of the many reasons why no other 
computer ECG analysis program can match the clinical 
relevance and usefulness of the Telemed Program 


The Telemed Program enables the 
electrocardiographer to: 


increase reading efficiency because it identifies 
abnormal ECG’s. 


* Expand his practice by saving him time and offering 


CERE i Foals a a lalallala 


* Save valuable time because it can reduce or 
eliminate dictation 


* Simplify filing by providing him a permanent record for 
reference or serial comparison anytime it is needed. 


For full details on how you can put the speed, relevance 
and economy of the advanced Telemed ECG Analysis 
Program to work for you, call or write Telemed today. 


Tap the resources of the one ECG program that works 
like a cardiologist works—the Telemed Program. 


^J -»TELEMED 


CORPORATION 
2345 Pembroke Avenue 


“This moment of life i 
brought to you 


by the new a 
Profragumolie 
Pacing System. 


There's a time for everything. But for too many people, 
heart disease and heart malfunction cut that time short. 
Fortunately, your patients have been given another chance 
at life, so they've learned to take each moment and live it 
for all it’s worth. 


And now, the same Telectronics technology that has 
provided doctors with over 15 years of reliability and 
innovation in pacemaker design and development, 
introduces a significant change of pace for your 
heart patients. The new Telectronics Programmable 


Pacing System. 


— a 


Introducing the new Pw E 


standard in light, V X nel 

° a Sam 2.6 and 5.2 volts 
thin programmable EB. 
pacemakers. I he S P» MeL EM 


T | e 171 * 56 grams b c and 

i light b routinely availa ben 

electronics 1/1. oa \ a 
U.S.A. Canada 


8515 East Orchard Road, Englewood, Colorado 80111, 6299 Airport Road, Mississauga, Ontario LAVING, 
[ 9-4670: (800 -700 416) 676-9805 
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With the assurance 

of real time 

monitoring ina 
compact, self-charging 
programmer. 


Europe 
35 Ivor Place, London, NW1, UK, 
plows Da 


TELECTRONICS 


You and Telectronics. Partners for life. 


Australia (and the rest of the world) 
2 Sirius Road, Lane Cove, Sydney, NSW 2066, 
alow. ascito E TT 





Electromagnetic 


Blood 
Flowmeters 


e Excellent performance in clinical and research applications 
e Simple, reliable operation 
e Patient protection system 
e Zero flow reference 
è Convenient readout 
e Excellent frequency response 
* Low noise — high resolution 
e Total system compatibility 
* Multiple flow adaptability 
e Compact size 
* Available with two-channel recorders 
e Wide range of blood flow probes available 


Write or call for complete information 


BI d Flow Probes | 


Electrom j 
Blood Flousnerers 


CAROLINA MEDICAL 
ELECTRONICS, INC 


i 307, KING. N. C. 27021 
TELEPHONE (919) 983-5132 
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ALDACTONE® 


(spironolactone) 25 mg. tablets 


i WARNING 
Spironolactone has been shown to be a tumorigen in chronic toxicity studies in 


rats (see Warnings). Aldactone should be used only in those conditions 
described under Indications. Unnecessary use of this drug should be avoided. 





Indications: Diagnosis and treatment of primary hyperaldosteronism. Essential 
hypertension, edema of congestive heart failure and the nephrotic syndrome, when other 
measures are considered inappropriate. Cirrhosis of the liver accompanied by edema 
and/or ascites. Hypokalemia 

Contraindications: Anuria, acute renal insufficiency, significant impairment of renal 
function, or hyperkalemia 

Warnings: Excessive potassum intake may cause hyperkalemia. Potassium sup- 
plements should not be given with Aldactone. Do not administer concurrently with other 
potassium-sparing diuretics. 

Spironolactone has been shown tc be a tumorigen in chronic toxicity studies in rats. In 
one study using 25, 75, and 250 times the usual daily human dose (2 mg./ kg.) there was a 
statistically significant dose-related increase in benign adenomas of the thyroid and testes. 
In female rats there was a statistically significant increase in malignant mammary tumors at 
the mid-dose only. In male rats there was a dose-related increase in proliferative changes in 
the liver. At the highest dosage level (500 mg./kg.) the range of effects included 
hepatocytomegaly, hyperplastic nodules and hepatocellular carcinoma; the last was not 
statistically significant 

Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
and electrolyte balance. Hyperkalemiasmay occur in patients with impaired renal function or 
excessive potassium intake and can cause cardiac irregularities which may be fatal 
Hyponatremia may be caused or aBoraeted, especially when Aldactone is administered in 
combination with other diuretics. Transient elevation of BUN and/or mild acidosis may 
occur. Aldactone potentiates the effect of other diuretics or antihypertensive agents, 
particularly ganglionic blocking agents: therefore the dosage of such drugs should be 
reduced by at least 50 percent when acding Aldactone. Gynecomastia may develop and in 
rare instances some breast enlargement may persist. Vascular responsiveness to 
norepinephrine may be reduced 

Spironolactone may cross the placental barrier. Use in pregnant women requires that the 
anticipated benefit be weighed against possible hazard to the fetus. Breast feeding should 
be discontinued when Aldactone isibeing used 

Adverse Reactions: Gynecomastia s observed not infrequently. Gastrointestinal symp- 
toms including cramping and diarrhea, drowsiness, lethargy, headache, maculopapular or 
erythematous cutaneous eruptions. urticaria, mental confusion, drug fever, ataxia, inability 
to achieve or maintain erection, irregular menses or amenorrhea, postmenopausal 
bleeding, hirsutism and deepening ef the voice. Carcinoma of the breast has been reported 
but a cause-and-effect relationship has not been established. Adverse reactions are 
usually reversible upon discontinuation of the drug. 

Dosage and Administration 

For primary hyperaldosteronism: 400 mg. daily for three to four weeks (long test), or 
for four days (Short test). For preparation for surgery or for long-term maintenance therapy, 
100 to 400 mg. daily. 

For edema in adults: Initial daily dosage is 100 mg. in divided doses but may range from 
25 to 200 mg. daily. If after five days an adequate diuretic response has not occurred, a 
second diuretic which acts more proximally in the renal tubule may be added. The dosage 
of Aldactone should remain unchanced when other diuretic therapy is added 

For edema in children: Initial daily dosage should provide approximately 1.5 mg. per 
pound of body weight (3.3 mg./kg.) in divided doses. 

For essential hypertension: Initial adult daily dosage of 50 to 100 mg. in divided doses, 
alone or with diuretics which act more proximally in the renal tubule, or with other 
antihypertensive agents. Continue treatment for at least two weeks since maximal 
response may not occur before this ime. Adjust subsequent dosage according to patient 
response 

For hypokalemia: 25 to 100 mg. daily in divided doses 


Searle & Co. 


San Juan, Puerto Rico 00936 





Address medical inquiries to: 

G. D. Searle & Co. 

Medical Communications Department 

Box 5110 

Chicago, Illinois 60680 v^ 817 








~The delicate balance 
during treatment of CHF 





rsen the problem. Wee both the thiazides and furosemide, fluid and electro- 
balance may lead to digitalis toxicity. 


tone for concomitant digitalis/diuretic therapy. 
e^ (Spironolactone) provides gradual and sustained diuresis and, through 
mechanism, helps prevent hypokalemia with limited risk of hyperkalemia. 
“Aldactone does not adversely affect serum calcium, magnesium, and uric 
S nor alter glucose tolerance. 
ations to consider. 


tone has been shown to be a tumorigen in chronic toxicity studies in 
S Aldactone should be prescribed only when other measures are con- 
dequate or inappropriate: (See boxed warning and Warnings section 
e prescribing information, a brief summary of which appears on the 


® 
Aidactone 


(spironolactone) 25-mg. tablets 


y diuretic that helps maintain the delicate balance of electrolytes... 
When other measures are considered inadequate or inappropriate. 


re prescribing, please consult the complete prescribing information, a brief summary of which appears on the facing page. 























Date: 10/19/68 Date: 3/14/78 
Clinical Comments: Normal sinus rhythm 


Rx: Continue on Quinaglute 1 tab ql2h 


Clinical Comments: Multiple pre- 
mature ventricular contractions 
Rx: Quinaglute 1 tab q12h 





*Based on actual case history (photos posed by professional model) 











— For Mary L. and hundreds of thousands of cardiac 
‘patients, QUINAGLUTE® Dura-Tabs® have helped 
maintain the pace of normal sinus rhythm over 
long-term therapy. In the 19 years since its intro- 
duction, QUINAGLUTE has amassed an impressive 
clinical record of therapeutic efficacy, safety and 
patient acceptance. 


Classic antiarrhythmic therapy — 
Time-proven for efficacy 

» in the management of PAC, PVC and atrial 
fibrillation 


Time-proven for reliability 

* in maintaining quinidine plasma levels for 

-8 to 12 hours 

+ in providing sustained contro! without peaks and 
valleys in plasma levels 





.. Time-proven for safety 
« low incidence of G.L. irritation 
+ 19 years of patient and physician acceptance 


-= Time-proven for patient compliance 

|. « convenient dosage schedule that's easy to 
remember: 1 to 2 Dura-Tabs® every 8 or 12 hours 

« h.s. dose helps avoid early morning reversion 








 Time-proven 
Quinag 
quinidine gluconate) 324 mg 
keeps the pace for patients 
with cardiac arrhythmias 


30) Laboratories, Inc. 
Wayne, New Jersey 07470 


For full information please refer to package insert. 
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Contraindications: Aberrant impulses.and abnormal rhythms 
due to escape mechanisms should not be treated with quini: 
dine. j 
Partial A-V or complete heart block, or intraventricular. con- 
duction defects. especially those exhibiting a marked gradé of 
QRS widening. Renal disease resulting in significant azotemia: ^ 
or those developing cardiotoxic effects such as conduction de- 
fects, ventricular premature beats, ventricular tachycardia or. 
flutter while on the drug. 
Marked cardiac enlargement, particularly with congestive 
failure. poor renal function, and especially renal tubular aci- 
Gosis. Idiosyncrasy or hypersensitivity to quinidine. 
Warnings: In the treatment of atrial flutter, reversion to sinus = 
rhythm may be preceded by à progressive reduction in the des. 
gree of A-V block to a 1:1 ratio resulting in an extremely rapid < 
ventricular rate. 


Precautions: The precautions to be observed include all those 
applicable to quinidine. A preliminary test dose of a single tablet |: 
of quinidine sulfate should be administered to determine if the 
patient has an idicsynerasy to quinidine. Hypersensitivity to 
quinidine, although rare, should constantly be considered. 
especially during the first weeks of therapy. 

Quinidine in large doses may reduce the contractile force of — 
the heart, therefore, extreme caution should be exercised in 
using the drug in patients with severe heart disease, hypoteri- 
sion or digitalis intoxication. 

It should be administered cautiously, if at all. to senile pa- 
tients. Hospitalization for close clinical observations, electro- 
cardiographic monitoring, and possibly plasma quinidine. 
levels, is indicated when large doses are used, or with patients: 
who present an increased risk. 


Adverse reactions: Cinchonism, tinnitus, decreased auditory 
acuity, vértigo, headache, blurred vision, color perception dis- : 
turbances, photophobia, diplopia. night blindness, Scotomata; o 
reduced visual fields, mydriasis, hypotension, respiratory dis- 
tress, and gastrointestinal disturbances. OF! 





Ex-rStr ss tecting, 
itsbeyond . 
run-of-the-mill. 





The new Model 3100 ExerStress Analyzer 
—the most comprehensive stress test data 
display and documentation system available. 


The Model 3100 provides three real-time 
ECG traces, three trend traces, plus digital 
displays of elapsed time, heart rate, ST level, 
and a choice of ST slope or integral. Its 32 
channel chart-paper recorder automatically 
writes out your choice of 12-lead, XYZ, CM, 
or monitor leads, and whenever pre-selected 
auto-write criteria are exceeded. 


Available options include the automatic 
detection and display of systolic and diastolic 
blood pressures, pre-exercise and exercise 


ATLANTA (404) 952-0612 
BALTIMORE (301) 265-1320 
BOSTON (617) 942-0230 
CHARLOTTE (704) 373-1206 
CHICAGO (312) 956-6520 
CINCINNATI (513) 874-8600 
CLEVELAND (216) 886-4063 
DALLAS (214) 350-5881 
DENVER (303) 344-5101 
DETROIT (313) 559-6863 
HOUSTON (713)692-3122 
IRVINE (Home Office) (714) 549-1500 
KANSAS CITY (816) 373-1117 
LONG ISLAND (516) 482-7690 
LOS ANGELES (213) 640-2282 
MIAMI (305) 981-0405 
MINNEAPOLIS (612) 854-8726 
NEW ORLEANS (504) 837-7510 
NEW YORK (203) 966-4560 
PHILADELPHIA (215) 265-8548 
PHOENIX (602) 275-2451 
PITTSBURGH (412) 344-4484 
ROCHESTER (716) 328-2660 
SAN DIEGO (714) 225-0465 
SAN FRANCISCO (415) 349-9102 
SEATTLE (206) 246-4430 

ST. LOUIS (314) 739-8151 
TAMPA (813) 879-8280 
EUROPE 720-7405 Telex 61791 
AVONIX B (Brussels, Belgium) 


ECG complexes, an alphanumeric 
charter/printer documenting up to 10 stress 
test parameters, and a treadmill programmer. 
All data is automatically documented on 81⁄2 
by 11-inch format, providing a comprehensive 
record of the entire stress test. 

And, the Model E-16 Series Treadmills 
complement the advanced technology of 

the new Model 3100. These safe, rugged 
treadmills provide remote control features 
with velvet smooth operation from zero speed. 
So, if you're looking for the latest in ECG 
stress testing equipment, look to Del Mar 
Avionics. Being first has kept us first. 
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Oral Nitroglycerin 
NITRO-BID 2.5 


(nitroglycerin) 2.5 mg 


Plateau CAPS 
NITRO-BID' 6.5 


(nitroglycerin) 6.5 mg 


Plateau CAPS" 


and now 


NITRO-BID 9 


(nitroglycerin) 9 mg 


Plateau CAPS 


Patient benefit a de gait from 
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KANSAS CHY, MO 64137 


Indications 
Based on a review of this drug and a related drug by the National Academy 
of Sciences—National Research Council and/or other information, FDA has 
classified the indications as follows: 
“Possibly” effective. When taken by the oral route, NITRO-BID Capsules 
are indicated for the management, prophylaxis or treatment of anginal 


attacks. 


“Possibly” effective. When applied topically, NITRO-BID Ointment is indi- 
cated for the prevention and treatment of angina pectoris attacks espe- 
cially at night. 
Final classification of the less-than-effective indications requires further 
evaluation. 


Contraindications 
Patients with marked anemia, increased intraocular pressure, increased 
intracranial pressure, glaucoma, hypotension, and idiosyncrasy to this drug. 
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dosage flexibility you want. 


Topical 
Nitroglycerin 





NITRO-BID 


(296 nitroglycerin) 
Transdermal 
Ointment 





Warnings 

NITRO-BID is not intended to abort the acute anginal episode. NITRO-BID 
Capsules must be taken ORALLY, not sublingually. In terminating NITRO- 
BID Ointment treatment, both the dosage and frequency of application 
must be gradually reduced over a period of 4 to 6 weeks to prevent sudden 
withdrawal reactions. 

Precautions 

A headache is a definite sign of overdosage and, therefore, dosage should 
be reduced. Occasionally, eiderly patients may have no untoward symp- 
toms while recumbent, but may develop postural hypotension with faint- 
ness upon suddenly arising. 
Adverse Reactions 

With use of nitrates, transient headache, postural hypotension, flushing, 
tachycardia and dizziness may occur. 


Consult full product disclosure before prescribing. 


ə Capsules 1mg, 2mg,5 mg 
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Before prescribing Minipress, WARNINGS 
and DOSAGE AND ADMINISTRATION 


Please see Brief Summary 
sections should be 





D. Dosage En 
Patient Compliance 


MINIPREW C Son ec) 


TITRATION IS 

KEY TO 
SUCCESSFUL 
ANTIHYPERTENSIVE 
THERAPY 


Titrate to 
4 mg b.i.d* 


Titrate to 
2 mg b.i.d* 


Start with 


BRIEF SUMMARY 

MINIPRESS* (prazosin hydrochloride) CAPSULES For Oral Use 
INDICATIONS: MINIPRESS® (prazosin hydrochloride) is indicated in the treat- 
ment of hypertension. As an antihypertensive drug, it is mild to moderate in 
activity. It can be used as the init.al agent or it may be employed in a general 
treatment program in conjunction with a diuretic and/or other antihypertensive 
drugs as needed for proper patient response 

WARNINGS: MINIPRESS (prazosin hydrochloride) may cause syncope with 
sudden loss of consciousness. In most cases this is believed to be due toan 
excessive postural hypotensive effect, although occasionally the syncopal 
episode has been preceded by a bout of severe tachycardia with heart rates 
of 120-160 beats per minute. Syncopal episodes have usually occurred 
within 30 to 90 minutes of the initial dose ofthe drug; occasionally they have 
been reported in association with rapid dosage increases or the introduc- 
tion of another antihypertensive drug into the regimen of a patient taking 
high doses of MINIPRESS (prazosin hydrochloride). The incidence of 
syncopal episodes is approximately 1% in patients given an initial dose of 2 
mg or greater. Clinical trials conducted during the investigational phase of 
this drug suggest that syncopal episodes can be minimized by limiting the 
initial dose of the drug to 1 mg, by subsequently increasing the dosage 
slowly, and by introducing any additional antihypertensive drugs into the 
patient's regimen with caution (see DOSAGE AND ADMINISTRATION). 
Hypotension may develop in patients given MINIPRESS who are also 
receiving a beta-blocker such as propranolol. 

If syncope occurs, the patient should be placed inthe recumbent position and 
treeted supportively as necessary. This adverse effect is self-limiting and in most 
cases does not recur after the initial period of therapy or during subsequent dose 
titration 

Patients should always be started on the 1 mg capsules of MINIPRESS 
(prazosin hydrochloride). The 2 and 5 mg capsules are not indicated for initial 
therapy. 

More commen than loss of consc ousness are the symptoms often associated 
with lowering ofthe blood pressure, namely, dizziness and lightheadedness. The 
patient should be cautionec about these possible adverse effects and advised 
what measures to take should they develop. The patient should also b 
cautioned to avoid situations where injury could result should syncope occur 
during the initiation of MINIPRESS (prazosin hydrochloride) therapy. 

Usage in Pregnancy: Although no teratogenic effects were seen in animal 
testing, the safety of MINIPRESS (prazosin hydrochloride) in pregnancy has not 
been established. MINIPRESS (prazosin hydrochloride) is not recommended in 
pregnant women unless the potential benefit outweighs potential risk to mother 
and fetus 
Usage in Children: No clinical experience is available with the use of 
MINIPRESS (prazosin hydrochloride) in children 
ADVERSE REACTIONS: The most common reactions associated with 
MINIPRESS (prazosin hydrochlorida) therapy are: dizziness 10.3%, headache 


agent, dosage of Minipre 
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Titrate to 
10 mg b.i.d. 


Titrate to 
5 mg b.i.d* 


given in divided doses 
1d.) Afew 
patients may benefit from 
further increases up to a 
daily dose of 40 mg given in 
divided doses 


alnitial Therapy: The starting 
dosage of Minipress is 1 mg b./.d 
or t.i.d. If response is not adequate 
by the next visit, the dosage should be 
increased to 2mg b.id. ortid 
u Dosage Titration: Titrate dosage slowly, 
according to patient response. to a maxi- 
mum of 20 mg daily in divided doses. Although 
some patients may be controlled on 1 mg b./.d. 
Li. d. nerally 6 mg to 15 mg daily will be 
eded in the majority of responding patients to 
achieve optimal blood pressure control 
= Maintenance Therapy: Maintain therapy on a 6./.d. or 
td dosage regimen after initial titration. If optimum con- 
trol is not achieved with Minipress as the initial agent. consider 
adding a diuretic. lf optimum control is not achieved with 
Minipress and a diuretic. consider adding another Step 2 anti- 
hypertensive agent. Wh gé > Or Other antihypertensive 
should be reduced to 1 mg or 2 mg t.i.d. 


bid or 


needed 


3S IS available in 1-mg, 2-mg. and 5-mg capsules 





7.8%, drowsiness 7.6%, lack of energy 6.9%, weakness 6.5%, palpitations 5.3%, 
and nausea 4.9%. In most instances side effects have disappeared with 
continued therapy or have been tolerated with no decrease in dose of drug 

The following reactions have been associated with MINIPRESS (prazosin 
hydrochloride), some of them rarely. (In some instances exact causal relation- 
ships have not been established) 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/ 
or pain 

Cardiovascular: edema, dyspnea, syncope, tachycardia 

Central Nervous System: nervousness, vertigo, depression, paresthesia 

Dermatologic: rash, pruritus 

Genitourinary: urinary frequency, incontinence, impotence 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus 
congestion 

Other: diaphoresis 

Single reports of pigmentary mottling and serous retinopathy. and a few reports 
of cataract development or disappearance have been reported In these 
instances, the exact causal relationship has not been established because the 
baseline observations were frequently inadequate 

In more specific slit-lamp and funduscopic studies, which included adequate 
baseline examinations, no drug-related abnormal ophthalmological findings 
have been reported 


DOSAGE AND ADMINISTRATION: The dose of MINIPRESS (prazosin hydro- 
chloride) should be adjusted according to the patient's individual blood pressure 
response. The following is a guide to its administration 

initial Dose: 1 mg two or three times a day. (See Warnings) 

Maintenance Dose: Dosage may be slowly increased to a total daily dose of 20 
mg given in divided doses. The therapeutic dosages most commonly employed 
have ranged from 6 mg to 15 mg daily given in divided doses. Doses higher than 
20 mg usually do not increase efficacy, however a few patients may benefit from 
further increases up to a daily dose of 40 mg given in divided doses. After initial 
titration some patients can be maintained adequately on a twice daily dosage 
regimen 

Use With Other Drugs: When adding a diuretic or other antihypertensive agent 

the dose of MINIPRESS (prazosin hydrochloride) should be reduced to 1 mg or2 
mg three times a day and retitration then carried out 

HOW SUPPLIED: MINIPRESS (prazosin hydrochloride) is available in 1 mg 
(white #431), 2 mg (pink and white #437) capsules in bottles of 250, 1000, and 
unit dose institutional packages of 100 (10x 10's); and 5 mg (blue and white #438) 
capsules in bottles of 250, 500 and unit dose institutional packages of 100 (10»* 
10's) 


More detailed information available on request 
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Effect of Diltiazem, a Calcium Antagonist, on Myocardial Ischemia - a 



















In line with studies on the metabolism of the ischemic myocardium, the 
effectiveness of diltiazem hydrochloride, a potent calcium antagonist, 
in reducing the effects of ischemia was evaluated. Nonischemic and 
ischemic tissue samples were examined in two groups of dogs— Group 
l, dogs receiving no drug and killed after 60 minutes of regional ischemia 
and Group ll, dogs given diltiazem after 10 minutes of ischemia and kille 
50 minutes later. Administration of diltiazem proved beneficial in several 
ways: The decrease in adenosine-5'-triphosphate in the ischemic region 
was halved, inhibition of anaerobic glycolysis was reduced, tissue levels. 
of lactic acid and free fatty acids were lowered and the contractility of 
glycerinated heart muscle fibers was improved. However, administration: 
of the drug did not influence mitochondrial function. Mitochondrial oxygen 
consumption and respiratory control were reduced by equal amounts in c 
both groups, as was mitochondrial calcium ion binding. These observations : 
demonstrate that diltiazem is capable of minimizing the consequences __ 
of acute ischemia, although the beneficial effects do not extend toal — 
aspects of myocardial metabolism. 


Diltiazem hydrochloride is a potent calcium antagonist as well as. a e 
coronary vasodilator.'-? The presence of even minute amounts of the | 
compound causes relaxation of smooth muscle in coronary arteries; this 
effect can be reversed by increasing calcium concentration.!Diltiazem 
also diminishes contractility of left atrial preparations? and reduces _ = 
cardiac output, venous return and heart rate when administered topa- 
tients.9? Saikawa et al.8 described the drug as an inhibitor of the trans- 
membrane “slow channel" through which calcium ions enter the cell. 
This action differs from that of many other antianginal drugs, such as —. 
nitroglycerin, which appear to act primarily by redistribution of systemic V 
and coronary blood flow.9.19 : 
Various pharmaceutical preparations have been cited in recent years T. 
as reducing the acute effects of ischemia on the myocardium. The modes. 
of action of these agents include stimulating anaerobic glycolysis," en- 
hancing substrate transport!? and reducing myocardial oxygen de- 
mands.!? In many cases the support for such effects is based on data from... 2 
noninvasive techniques such as measurements of creatine kinase release. 
or S-T segment changes.’ In this investigation we assessed the effect __ 
of diltiazem on the ischemic myocardium by analysis of metabolic 
function within the occluded tissue, and the results compared with 
findings in ischemic tissue taken from dogs receiving no drug. 


Methods 


Experimental procedure: Experiments were conducted in healthy mongrel 
dogs of similar age and size. After anesthesia with sodium pentobarbital (30 
mg/kg body weight), respiration was maintained through an endotracheal tube - 
attached to an intermittent positive pressure respirator (Air Shield, Iuc., Hat- ; 
boro, Pennsylvania). A left thoractomy was performed between the fourth and 
fifth ribs, and the pericardium incised and sutured to the chest wall. 
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Ischemia was initiated by ligating several (three to five) 
smaller branches of the left anterior descending coronary ar- 
tery with 2-0 silk sutures. This procedure severely reduced 
flow to the area and resulted in an ischemic region of about 
2.5 to 3 cm in diameter. Assessment of epicardial S-T segment 
elevations and the degree of visible cyanosis was used to de- 
lineate the ischemic region. In several dogs 2.5 to 5 ml of 10 
percent alphazurine 2G blue dye was injected in the manner 
described by Kane et al,!> 5 minutes before the animals were 
killed. 'This dye stains only well perfused tissue and permitted 
further demarcation of the ischemic region. 

Two groups of dogs were examined: In Group I, no medi- 
cation was given during the ischemic period, and in Group H, 
diltiazem hydrochloride was administered as a bolus injection 
(0.2 mg/kg, dissolved in sterile saline solution) 10 minutes 
after coronary arterial ligation. This time of injection was 
chosen because under clinical conditions it is not possible to 
predict the onset of acute myocardial ischemia. Animals in 
both groups were killed after 60 minutes of ischemia. 

Tissue samples: Immediately before the animals were 
killed two tissue samples (500 mg) were taken from both the 


© ischemic and nonischemic regions using tissue tongs precooled 


for several ‘minutes in liquid nitrogen. These samples con- 


-tained predominantly subepicardial tissue. The ischemic 


samples were taken from the center of the infarct and non- 
ischemic samples from an area 3 to 4 cm from the edge of 
visible. cyanosis. One sample from each region was used to 
- -determine the level of several glycolytic intermediates and the 
- ether for estimating the concentration of several high energy 
__ phosphates. All samples were wrapped in aluminum foil and 
stored in liquid nitrogen until they could be analyzed. The 
heart was then removed quickly and washed successively in 
“two beakers containing ice-cold saline solution. The left 
ventricle was then divided into ischemic and nonischemic 
portions. Samples weighing approximately 2 g were taken 
from both regions and placed in a glycerol solution for even- 
tual analysis of in vitro contractility. Small pieces of tissue 
(500 mg) were taken for determining the levels of free fatty 
acids. These were stored at the temperature of liquid nitrogen 
until analysis. Finally, the remaining tissue (7 to 10 g) was used 
for the immediate isolation of mitochondria. 

Glycolytic pathway intermediates, high energy phos- 
phates and free fatty acids: The following glycolytic inter- 
mediates were measured in perchloric acid extracts of the 
frozen sample: lactate, pyruvate, alpha glycerophosphate 
(a-GP), dihydroxyacetone phosphate (DHAP), glucose-6- 
phosphate (G-6-P), fructose-6-phosphate ((F-6-P) and fruc- 

-.tose-1,6-diphosphate (F-1,6-DP). The myocardial redox state 
was monitored by comparing the ratio of lactate to pyruvate 
and of a-GP to DHAP. In addition, glycolytic flux through 
phosphofructokinase, a key regulatory enzyme for anaerobic 
glycolysis, was estimated using the following formula: 


Glycolytic flux = ({G-6-P] + [F-6-P])/[F-1,6-DP]. 


Tissue levels of the following high energy phosphate were 

' measured: creatine phosphate (CP), adenosine-5'-triphos- 

-phate (ATP) and adenosine-5’-diphosphates were determined 
using standard procedures which use NADH-coupled reac- 
tions.? 

Tissue levels of the following free fatty acids were mea- 
sured: myristic (C149); palmitic (C16:0), stearic (C1g.0), oleic 
(Cia) and linoleic (Cig.2). The analysis was performed ac- 
cording to procedures outlined by Ramadoss et al.,!? with 
slight modifications. Fatty acids were extracted from the 
tissue samples with peroxide-free ether, reduced to their 
methyl esters and separated using a Packard gas chromato- 
graph (model 7400, Packard Instrument Company, Downers 
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Grove, Illinois). A 6 faot glass column (2 mm in diameter) was 
packed with 10 percent SP-22-PS (Supelco, Inc., Bellefonte, 
Pennsylvania). Nitrogen was used as the carrier gas. 

Contractility of glycerinated muscle fibers: The ap- 
paratus and procedures used to study in vitro contractility 
have already been extensively described elsewhere!*:!? and 
will be discussed here only briefly. Essentially the procedure 
of Julian?? was employed. Tissue samples were first immersed 
in a glycerol solution containing 50 percent glycerol, 20 mil- 
limolar (mM) imidazole, 4 mM EGTA (neutralized ethy- 
leneglycol-bis-(beta-aminoethyl ether) N,N’-tetraacetic acid) 
and 1 mM dithiothreitol, pH 7.0. They were stored in this 
solution for 24 hours at 0? C. The samples were then trans- 
ferred to fresh medium and stored at —24? C for 1 week. 

One hour before analysis the samples were removed from 
the glycerol solution and immersed in a relaxation solution 
containing the following: 100 mM potassium chloride, 5 mM 
magnesium chloride, 5 mM NasATP, 5 mM EDTA, 5 mM 
NaN;, and 20 mM imidazole, pH 7.0, at 0? C for 1 hour. Fiber 
bundles roughly 2.5 mm in length with a 0.15 mm? cross-sec- 
tional area were then dissected from each sample. A single 
fiber bundle was secured between a servo system and a force 
transducer by two stainless steel wires. Once secured, the re- 
laxation solution was quickly removed and replaced by a 
contraction solution containing the following: 100 mM KCI, 
5 mM MgCl; 5 mM NasATP, 5 mM EGTA, 5 mM NaN;, 20 
mM imidazole, and 5 mM CaCl, pH 7.0. Under this condition 
the servo system maintained constant length while increasing 
tension was recorded. From the data obtained during this 
isometric contraction, the following indexes were determined: 
maximal developed tension (Po), time to peak tension (to) and 
the maximal rate of tension development (dP/dtmax). One to 
two preparations were obtained from each glycerinated 
muscle. 

Mitochondrial studies: Mitochrondria were isolated ac- 
cording to the procedures described by Sordahl et a1.?! with 
some modifications. Tissue samples were placed in an ice-cold 
homogenization solution composed of 0.18 molar (M) potas- 
sium chloride, 0.01 M NagEDTA and 0.01 M Tris, pH 7.4. The 
tissue was first finely minced using scissors rinsed in the ho- 
mogenization solution and then homogenized using a Brink- 
man Polytron (model PT-20, Brinkman Instruments, Inc., 
Westbury, New York). The homogenate was centrifuged at 
500 X g for 10 minutes, and the supernatant obtained was 
centrifuged at 12,000 X g for 15 minutes. The pellet obtained 
was resuspended in the homogenization solution and centri- 
fuged at 12,000 X g for 10 minutes. This step was repeated 
ence, and the final mitochondrial pellet was suspended in ei- 
ther the homogenization solution (for respiration studies) or 
in 0.18 M KCl and 0.01 M Tris, pH 7.4 (for calcium-binding 
studies). 

Mitochondrial respiration was measured using a Gilson 
Oxygraph equipped with a vibrating plantinum electrode?! 
(Gilson Medical Electronics, Inc., Middleton, Wisconsin). The 
reaction medium contained the following: 0.25 M sucrose, 8.5 
mM K;HPO43H50, 0.01 M Na;EDTA and 0.01 M Tris, pH 
1.4. Substrates used were glutamate (7.5 mM) plus oxalo- 
acetate (1.5 mM), succinate (7.5 mM) with rotenone (5 ug/mg 
protein) added to inhibit NAD-linked respiration, or ascorbate 
(5 mM) plus N,N,N N'-tetramethyl-p-phenylenediamine 
(TMPD) (0.2 mM). Active respiration was initiated by the 
addition of 600 + 30 nmoles of ADP. The assay temperature 
was maintained at 30° C, and the total volume was 1.8 + 0.1 
ml 

Mitochondrial calcium binding was determined at 37? C 
according to the millipore filter method of Harigaya and 
Schwartz?? with some modifications. The medium used to 





measure binding consisted of 20 mM Tris-maleate (pH 6.8), 
50 mM KCI, 10 mM MgCh, 50 um*5CaCls (0.166 uCi/ml), 0.25 
mM Na;ATP and 0.40 mg/ml mitochondrial protein. The 
“reaction was started by the addition of protein and terminated 
-by filtration through a Millipore filter (HAWP 01300 HA, 0.45 
yt) using a Swinney adaptor (Millipore Corp., Bedford, Mas- 
sachusetts). Calcium-45 activity in the ultrafiltrate was de- 
termined using a Packard liquid scintillation counter (model 
3320, Packard Instrument Company, Downers Grove, Illinois) 
in a scintillator containing 2 percent ethyleneglycolmo- 
~ noethylether, 10 percent naphthalene and 0.4 percent PPO, 
in dioxane. The calcium binding was estimated by subtracting 
the specific activity in the filtrate from that in the reaction 
mixture. 

Material: Diltiazem hydrochloride (Herbesser?) was kindly 
provided by Tanabe Seiyaku Co., Osaka, Japan. Calcium-45 
chloride was obtained from ICN Company, Irvine, California. 
Alphazurine 2G blue dye was obtained from Sigma Chemical 
Company, St. Louis, Missouri. 

Statistical evaluation: Data were evaluated using the 
Student's t test. In each instance two statistical comparisons 

— Were made. Within each group, values obtained from the 
nonischemic region were compared with those of the ischemic 
zone. Also, ischemic values obtained from the dogs in Group 

-I were compared with ischemic values from dogs in Group II. 

This distinction is indicated in Tables I to VII. 











Results 


The changes observed between nonischemic and 
ischemic regions were of sufficient magnitude to provide 
an effective basis for monitoring the consequences of 
diltiazem administration. Comparisons between isch- 
emic regions in the control and diltiazem-treated ani- 
mals were also made. Such comparisons were made on 
different animals and thus do not take into account 
individual differences between the animals used in each 
group. On the other hand, comparison of nonischemic 
and ischemic tissue from the same heart avoids this 
risk. 





- TABLE! 
D Levels of Several High Energy Phosphates in Nonischemic 
'(NI) and Ischemic (1) Regions of the Heart* 











Group CP ATP ADP 

Control group 

Ni(7 7.644066 3.97 £0.16 0.78 + 0.07 

K7} 3.824053 2.114041 0.49 +0.07 

+% {i vs. NI) —50t —47i —37i 
Diltiazem group 

7.80 + 1.13 3.98 +0.50 0.46+ 0.07 

4) 4.07 £0.58 3.03.0.22 0.66 +0.10 

+ (i vs. ND —48 —24i +307 
Both groups 

+% (I, diltiazem +6 36* +26 

vs. |, control) 

76.05 < P «0.10. 
t P «0.05. 


* Diltiazem (0.2 mg/kg) was administered intravenously 10 minutes 
after the onset of regional ischemia, and the dogs were killed 50 minutes 
later. Control animals were killed after 60 minutes of regional ischemia. 
Data represent the mean + standard error of the number of samples 
in parentheses. 

ATP = adenosine-5'-triphosphate; and ADP = adenosine-5'-di- 
phosphate; CP = creatine phosphate. Units are umoles/g wet 
weight. 
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High energy phosphates: Changes in nonischemic _ 
and ischemic levels of several high energy phosphates z 
are depicted in Table I. ATP levels were reduced by _ 
roughly 50 percent of nonischemic values in the control _ 
(no drug) group, but this reduction was only 24 percent 


in the diltiazem-treated dogs. This represents a marked - 


preservation of the energy reservoir in these animals. _ 


In addition, the decrease in ADP in the ischemic region 
was prevented by the administration of diltiazem (Table. __ 
D. However, diltiazem did not prevent the ischemia- 


induced decrease in creatine phosphate. Statistical _ 


comparisons between ischemic regions in both groups. 


revealed that ischemic levels of ATP were 36 percent _ 
higher in the diltiazem-treated animals than in the _ 
control dogs (Table I). This increase was of borderline _ 
significance (0.05 < P <0.10). Creatine phosphate and _ 
ADP levels were also higher in the ischemic region of 


Group II dogs than in the corresponding region in Group * 
I dogs. D 

Lactate levels and the myocardial redox state: c 
The level of lactate in the ischemic region was consid- 
erably lower in the diltiazem-treated dogs than inthe _ 





control animals (Table II). This difference, although 


large, was not statistically significant. Such a reduction 
combined with the diminished breakdown of ATP could __ 
be expected to limit the acidosis that normally accom- 


panies ischemia. In addition to lactate, the level of alpha : 
glycerophosphate in the occluded region in the dilti- 


azem-treated dogs did not rise as high as that in isch- : $ 
emic tissue taken from control dogs (Table II). : 


TABLE Il 


Assessment of Myocardial Redox State in Nonisochemic 
(NI) and ischemic (1) Regions of the Heart* 




















Group Lactate Pyruvate L/P 
Control group 
NI(5) 3,099 + 772 153 + 19 20:3 
1(5) 14,190 € 3,462 1444 10 98.5 
+% (vs. NI) +3567 ~§ 385 
Diltiazem group ` E 
Ni(4) 2,172 + 328 112 + 20 185 cie 
H4) 9,276 + 2,421 1174 15 79.3 05 
+% (1 vs. ND +3277 +4 +329 
Both groups 
+% (I, diltiazem —35 ~19 —20 
vs. i, control) 
a-GP/ 
a-GP DHAP DHAP 
Control group 
NI(5) 464 + 144 70 i 11 6.6 
i(5) 1,693 + 374 60 + 22 28.2 
+% (i vs. NI) 265! —17 +327 
Diltiazem group 
Ni(4) 294 + 51 72+ 19 4.1 
4) 4,110 + 107 57 + 10 19:5 
+% (i vs: NI) +278 —26 4376 
Both groups 
+% (1, diltiazem —34 g *15 
vs. |, control) 





* Diltiazem (0.2 mg/kg) was administered as indicated in Table Data. 
represent the mean + standard error of the number of samples npa- 
rentheses. a-GP = a-glycerophosphate; DHAP = dihydroxyacetone 
phosphate: L/P = lactate/pyruvate ratio. Units are nmols/g wet 
weight. : 

t P <0.05. 





‘ 
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Changes in the myocardial redox state were esti- 
mated by using as markers the ratios of lactate to py- 
 ruvate (L/P) and alpha glycerophosphate to dihy- 
- droxyacetone phosphate (a-GP/DHAP). Table H shows 
_ that ischemia produced a 3.9-fold increase in the L/P 

«Tatio in control animals and a 3.3-fold rise in the 


*:ca-GP/DHAP ratio. Administration of diltiazem less- 


ened to a slight degree the effect of ischemia on the L/P 


<- ratio, but had no effect on the rise in the a-GP/DHAP 


ratio in the occluded region (Table II). 
Glycolytic flux (Table IIT): The level of both glu- 
:.cose-6-phosphate (G-6-P) and fructose-6-phosphate 
__ (F-6-P) increased sharply with ischemia in the control 
- group. At the same time fructose- 1,6-diphosphate (F-1, 
6-DP) levels declined, indicating inhibition of phos- 
phofructokinase (PFK). In dogs receiving diltiazem the 
- elevations in G-6-P and F-6-P were about the same as 


in the dogs not receiving the drug, but the decrease in 


. F-1, 6-DP was not as large (Table III). The degree of 
- PFK inhibition in both groups was monitored by com- 
.. paring the level of enzyme substrate to enzyme product: 
—— ([G-6-P] + [F-6-P])/[F-1, 6-DP]. This ratio was in- 


- ereased 2.8-fold in the control dogs, and only 1.6-fold 
. in the diltiazem-treated animals, indicating that the 


— inhibition of glycolytic flux at the PFK level was less- 
ened by diltiazem administration. The differences be- 


- tween the level of these metabolites in the ischemic re- 


.. gion of both groups was not significant. 
Hemodynamics and in vitro contractility: He- 


. . modynamic measurements were made at the following 
- times: immediately before coronary arterial ligation, 


after 30 minutes of regional ischemia and after 60 
minutes of ischemia. The measurements were made in 
CC four control and four diltiazem-treated dogs. The heart 
. rate increased markedly in the control animals after 
ligation, rising from 137 beats/min before ligation to 157 


TABLE lil 


-=> Level of Hexose Phosphates in Nonischemic (NI) and 
i Ischemic (I) Regions of the Heart* 








([G-e-P] 
+ [F-6- 
PIVIF- 
Group G-6-P F-6-P F-1,6-DP 1,6-DP] 
soo Control group 
NES} 265 + 54 454 10 160 +32 1.94 
(6) 4174144 107432 72414 7.28 
+% (E vs. NI) +57 +138 —122? +275 
“Diltiazem group 
Ni(6) 173 + 22 43410 117+ 10 1.85 
395487 100+24 90+ 10 4.83 
; i96 (i vs. ND +947 t 133 —30t +161 
Both groups 
+ % (i, diltiazem —20 -7 +25 —34 
vs. 1, 
control) 


beats/min after 30 minutes of ischemia. After 60 min- 
utes of ischemia the heart rate fell slightly to 146 
beats/min. The mean aortic pressure was similarly af- 
fected in these animals, increasing from 124 mm Hg 
before ligation to 168 mm Hg after 30 minutes of re- 
gional ischemia. 

Diltiazem administration reversed these hemody- 
namic changes. 'The heart rate fell from a preligation 
level of 147 beats/min to 127 beats/min after 30 minutes 
of ischemia. After 60 minutes the heart rate was still low 
(125 beats/min). The mean aortic pressure was also 
reduced by diltiazem administration (99 mm Hg before 
ligation, falling to 85 mm Hg after 30 minutes and 84 
mm Hg after 60 minutes of ischemia). Changes in left 
ventricular systolic and end-diastolic pressure, as well 
as the maximal and minimal rate of tension develop- 
ment (dP/dtmax and dP/dtmin, respectively) were similar 
in both groups. 

Studies of in vitro contractility (Table IV) using 
glycerinated heart muscle fibers demonstrated that 
diltiazem administration led to a marked reduction in 
ischemia-induced damage to the contractile elements. 
In the animals not receiving diltiazem, values for max- 
imal developed tension (Po) and the maximal rate of 
tension development were reduced in ischemic muscle 
fibers by 52 and 61 percent respectively, of nonischemic 
levels. In addition, the time to peak tension (to) was 
prolonged by 90 percent in the ischemic fibers. These 
changes were much less pronounced in fibers prepared 
from ischemic tissue in the diltiazem-treated dogs. 
Table IV illustrates that Pp was only 27 percent lower 
in ischemic than in nonischemic fibers, and dP/dtmax 
was only 31 percent reduced. In addition, values for to 
were only 22 percent higher in ischemic than in non- 
ischemic fibers in the animals treated with diltiazem. 

Comparisons between ischemic fibers isolated from 
control and diltiazem treated groups revealed that 
values for Po were 49 percent higher in the dogs treated 


TABLE IV 


Contractility of Glycerinated Heart Muscle Fibers Isolated 
From Nonischemic (NI) and ischemic (1) Regions of the 
Heart* 








Group Po to dPA Oteax 

Control group 

NI(5) 1785 +205 50:8 7895+ 1428 

i5) 855 +176 96425 3059+ 1503 

+% (1 vs. NI) —52t +92 —61t 
Diltiazem group 

Ni(8) 1738 + 94 4744 8623 + 1143 

(6) 1271 à 99 61x 14 5928 + 1672 

+% {l vs. NI) -27i +30 —31 
Both groups 

+% (I, diltiazem --49t -—37 +48 

vs. Í, control) 





* Diltiazem (0.2 mg/kg) was administered as indicated in Table I. Data 
represent the mean + standard error of the number of samples in pa- 
rentheses. F-1,6-DP = fructose-1,8-diphosphate; F-6-P. = fructose- 
6-phosphate; G-6-P = glucose-6-phosphate. Units are nmoles/g wet 
weight. 

190.05 « P «0.10. 
t P «0.05. 


* Diltiazem (0.2 mg/kg) was administered as indicated in Table I. Data 
represent the mean + standard error of the number of preparations 
indicated in parentheses. dP/ = maximal rate of isometric tension 
development (mg/min per mm^); Po = maximal developed tension 
(mg/mm?), tp = time to peak tension (seconds). 

* 0.05 < P «0.10. po; 

* P «0.05. 
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with diltiazem (Table IV). This difference was of bor- 
derline significance (0.05 < P «0.10). In addition, values 
for tíme to peak tension (to) were 37 percent lower in 
ischemic fibers from the diltiazem-treated animals than 
. in fibers isolated from the same region in the control 
animals. The maximal rate of tension development 
(dP/dtmax) was also greater in these fibers than in 
-ischemic fibers of Group L 
* Mitochondrial respiration (Table V): Adminis- 
C2 tration of diltiazem did not lessen the effect of ischemia 
on. mitochondrial respiration. Reductions found in 
"mitochondria isolated from ischemic tissue in the dil- 
tiazem-treated group were nearly identical with those 
- found in the animals given no drug. Oxygen consump- 
^ tion was reduced by roughly 15 to 30 percent of non- 
- ischemic levels in both groups; the greatest reduction 
-. was found with the substrate that directs electrons into 
_ site I of the electron transport chain (glutamate-oxa- 
*... loacetate). The respiratory control index was also re- 












* TABLE V 


Respiration of Mitochondria Isolated From Nonischemic (NI) 
and Ischemic (1) Regions of the Heart* 


Group RC. ADP:O Qo, 


Substrate: Glutamate-Oxaloacetate 











Control group 


Ni(6) 94+ 0.1 133 + 10 
59i 0.1 



































1. 2.84 
i6) : 0. 3.040. 94+ 15 
+% (i vs. NI) —47t +7 —29t 
Diltiazem group 
NI(7) 7.4 d 1.1 3.1 43- 0.1 1314 21 
0 5.20.8 3.1 4 0.1 94 + 20 
+% (1 vs. NI) -—30 = —29 
Both groups 
t % (diltiazem —12 +3 — 
vs. l-control) 
Substrate: Succinate (Rotenone) 
Control group 
NG) 3+ 0.2 16 = 0.1 14049 
K8) 2+ 0.2 1440.2 116419 
+% (i vs. NI) = —12 —17 
Diltiazem group 
NEF) 25402 1.6 40.1 120 Ł 16 
K7) 2.10.2 1.6 +09.1 100 + 12 
+% {I vs. NI) —16 — —17t 
Both groups 
+% (I, diltiazem -5 +14 —14 
vs. | control) 
Substrate: Ascorbate-TMPD 
Control group 
NI(6) 1340.1 -= 197+ 10 
(6) 1340.1 -— 170 + 23 
+% (I vs. NI) = ~ —14 
Diltiazem group : 
NI(7) 1.4 X: 0.1 < 196 + 23 
7) 1340.1 ~ 163 + 24 
+% (I vs. NI) ~ -— —17 
Both groups 
+% (I, diltiazem — _ —4 


vs. I, control) 


* Diltiazem (0.2 mg/kg) was administered as indicated in Table. Data 

-represent the mean + standard error of the number of samples indicated 

in parentheses. ADP:O = ratio of nmoles ADP phosphorylated to natoms 

of oxygen consumed; QO2 = oxygen consumption in natoms oxygen 

consumed/min per mg mitochondrial protein; R.C.I. = respiratory 
«control index. 
t P «0.05. 
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duced to a greater degree with this substrate. Site I - 
(using ascorbate as substrate) was least affected by _ 
ischemia. No significant changes were found in the — 
ADP/O ratios in either group. No significant difference _ 
in respiration was found between ischemic mitochon- 
dria isolated from the diltiazem-treated animals and 
those that received no drug. a 

Mitochondrial calcium binding (Table VI): po 
Ischemia-induced reductions in mitochondrial calcium 
binding were also not improved by diltiazem adminis- __ 
tration. In fact, the reductions were somewhat greater _ 
in the diltiazem group than in the animals not giventhe _ 
drug. The ischemic mitochondria in both groups became __ 
quickly saturated with calcium ions at a level of 30to 40 
percent lower than that of the nonischemic mitochon- 
dria. 

Tissue fatty acid (Table VII): Ischemia resulted in. 
large increases in tissue levels of several free fatty acids —— 
within the occluded region. In the control group these _ 
elevations ranged from 54 percent above nonischemic 
levels for linoleic acid (18:2) to 174 percent for myristic _ 
acid (14:0). Fatty acid levels were similarly increased in. 
the diltiazem-treated group. However, in this groupthe 
overall level of fatty acids was lower in both ischemic: 
and nonischemie tissue. It is not certain whether this _ 
indicates that diltiazem has a direct effect on fatty acid. —— 
metabolism. The levels of free fatty acids in ischemic _ 
tissue were lower in the diltiazem-treated dogs than in __ 
the control animals, but this difference was not signif- 
icant. 





Discussion 


In 1964 Fleckenstein?? discovered that the action of = 
certain drugs on the myocardium was similar to that. 
observed during calcium deficiency. He found that these. 
calcium-antagonistic compounds reduce myocardial _ 
adenosine triphosphate (ATP) consumption and inhibit 
excitation-contraction coupling.?^ As a consequence of 


TABLE VI 


Calcium Binding by Mitochondria Isolated From 
Nonischemic c (NI) and Ischemic (I) Regions. of the Heart* 











Binding Time — 
1 2 3 4 
Group minute minutes minutes minutes 

Control group 

NI(5) 2415 3344 3542 3743 

5) 2145 2743 2742 2743 

+% (i vs. NI) —13 —18 ~23t -27i 
Diltiazem group : 

NI(5) 27 k2 33244 445 3Sit6 

K5) 2042 2543 2243 B2 ooo 

+% {f vs. ND —25i —24f —35i —89t a 
Both groups Sum 

+% (I, diltiazem —§ -7 —18 ~30 







vs. Í, control) 


* Diltiazem (0.2 mg/kg) was administered as indicated i in Table i. Data. 
represent the mean + standard error of the number of samples indicated 
in Lodo Units are nmoles calcium bound/mg mitochondrial 
protein 

10.05 € P <0.10. 

t P <0.05. 
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TABLE VII 








_ >. Free Fatty Acid Levels in Nonischemic (NI) and Ischemic (1) Regions of the Heart’ 
: Group Myristic Palmitic 
Control group 
NI(8) 16.3 + 5.0 75.4 + 20.5 
{(8) 44.7 + 16.6 143.6 + 46.2 
+% (I vs. NI) +174) +917 
Diltiazem group 
Ni(5) 40 t 1.6 44.4 + 12.9 
K5) 18.1479 82.7 € 31.1 
+% {I vs. NI) +3537 +86 
Both groups 
+% (I, diltiazem vs. —146 —74 
1, control) 














Stearic Oleic Linoleic 
72.6 20.5 49.54 6.1 32.2 + 6.4 
140.8 + 44.5 71.0 + 15.8 49.7 + 16.9 

+947 +43 +54 
36.7 +81 27.24 5.4 205443 
68.44 22.9 44.3 + 12.9 . 27.89: 7.4 

+86 +63 +33 

—106 —60 -82 





` 4+ Diltiazem (0.2 mg/kg) was administered as indicated in Table |. Data represent the mean + standard error of the number of sarnples in parentheses. 


— < Units are ug/g wet weight. 


t 0.05 «'P «0.10. 


- . the decrease in high energy phosphate consumption, the 
_ calcium antagonists also reduce the cardiac oxygen re- 
_ =) quirement.*4 

-. .-. Diltiazem belongs to a group of potent calcium an- 
-... tagonists that also includes verapamil and nifedipine.* 
_ In the present study the drug was administered 10 


: * minutes after the onset of ischemia in order to simulate 


- the clinical situation more closely than is usual. In 


7 * preliminary studies we found that diltiazem is capable 


| of protecting the mitochondria from the effects of re- 
«perfusion after a period of ischemia (unpublished ob- 
servation). This may be due to the calcium-antagonistic 
-< properties of the drug because several authors? have 
implicated a rapid transmembrane influx of calcium as 
the major factor responsible for the structural damage 
"that accompanies reperfusion. 
= Little information is available on the use of cal- 
-cium-antagonistic compounds to reduce the effects of 
:.acute myocardial ischemia. Peng et al.?? found that the 
| "mitochondrial defects normally observed in ischemic 
. zand ischemic-reperfused mitochondria are reversed 
— when EDTA or EGTA are included in the isolation 
|... medium. Also, verapamil and prenylamine, as well as 
__. several other calcium-antagonistic compounds, have 
- -been shown to reduce the effects of angina pectoris.?* 
In the present experiments, we made statistical 
| ^ comparisons in two ways: (1) Within each group we 
_ compared values from the nonischemic and ischemic 
- zones. (2) We compared values obtained from the 


"ischemic regions in the control and diltiazem-treated 


o dogs: Because this latter determination does not take 
. into aecount individual differences among the animals 


. . used in each group, we used both methods to gain a 


more complete picture of the differences between the 


. animals that did and did not receive diltiazem. 


"Mechanism of effect of diltiazem on myocardial 

ischemia: When administered after ligation of the 
coronary arteries, diltiazem lessened the effects of 
ischemia in several ways, causing diminished breakdown 
of ATP in the ischemic region, improved glycolytic flux, 
increased contractility of isolated ischemic heart muscle 
fibers and lowered tissue levels of lactate and free fatty 
acids. T'he mechanism underlying these improvements 
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is not completely clear. In our experiments, ATP levels 
were higher in ischemic tissue in the diltiazem-treated 
dogs than in animals receiving no drug, perhaps because 
of diminished ATP consumption, which Fleckenstein?* 
observed in the presence of several other calcium an- 
tagonists. Reductions in heart rate and mean aortic 
pressure may also play a minor role in preserving ATP 
levels in the ischemic region, and it is possible that de- 
creased afterload is important. However, if these factors 
had played a major role, ATP levels probably would 
have risen in the nonischemic region as well. 
Diminished hydrolysis of ATP, coupled with the 
lower levels of lactic acid found in the occluded region, 
would in turn reduce the tissue acidosis that normally 
accompanies ischemia. It has been shown that tissue pH 
levels frequently fall to between 6.3 and 6.5 during 
ischemia.*3 This decrease is normally ascribed to 
lactic acid accumulation, but recently Gevers?? showed 
that the acidosis produced by the breakdown of ATP 
may play a greater role. The excess hydrogen ions pro- 
duced interfere with several key metabolic processes, 
including glycolysis, because one of the rate-limiting 
enzymes in this pathway, phosphofructokinase, is pH- 
sensitive?! Therefore, a reduction in tissue acidosis 
would be expected to increase the activity of this en- 
zyme. This change may explain the improved flux 
through phosphofructokinase demonstrated in our 
study. WA 
Effect on contractility during ischemia: Admin- 
istration of diltiazem also improved in vitro contractility 
of glycerinated muscle fibers isolated from the occluded 
region. Reductions in the maximal tension developed 
(Pe) and the maximal rate of tension development 
(dP/dtmax) in the diltiazem-treated dogs were only 
about half those found in the control group. The time 
to peak tension was also much less in the dogs receiving 
the drug. The difference in in vitro contractility between 
the two ischemic groups was large (37 to 49 percent), 
thus providing a suitable basis for comparison. The 
glycerinated fiber preparation used in our study is a 
measure of the integrity of the contractility apparatus, 
and thus increased contractility of ischemic fibers iso; 
lated from the diltiazem-treated animals indicates that 























the calcium antagonist had a protective effect on the 
contractile mechanism in vivo. It is possible that a dil- 
tiazem-induced reduction in tissue acidosis, either 
through decreased ATP breakdown or lowered lactic 


~ acid levels, could reduce lysosomal activity and thus 
. prevent damage to the contractile apparatus.?223 

|. Effect on mitochondria during ischemia: Ad- 
ministration of diltiazem did not protect the mito- 





chondria from the effects of ischemia. The damage was 
nearly identical in mitochondria isolated from ischemic 
tissue in either group. The decline in oxygen con- 
sumption, which ranged from 15 to 30 percent of non- 
ischemic levels, was similar in dogs receiving diltiazem 
and in those given no drug. Administration of the drug 
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also did not lessen ischemia-induced reductions in. _ 
respiratory control and mitochondrial calcium binding. - 
Finally, although the absolute levels of free fatty acids 

were lower in the diltiazem-treated animals, the percent 
increases above nonischemic levels were roughly the 
same in both groups. Fatty acids, after esterification” 
with coenzyme À, are oxidized to carbon dioxide and 

water within the mitochondrial matrix. Increases in - 
tissue levels of fatty acids can occur during ischemia.’ 
because of inhibition of the mitochondrial processes - 


responsible for their breakdown, such as the beta oxi- 


dation pathway and the citric acid cycle. Reductions in. 
these processes have previously been shown to accom- 
pany ischemia.9435 
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: Reduction of Intimal Thickening in Canine Coronary Bypass 
. Mein Grafts With Dipyridamole and Aspirin 


_ MICHAEL P. METKE, MD The potential benefit of platelet inhibitor drugs.on.coronary arterial bypass 
2o. T. LUE, MD, FACC vein grafts was assessed in dogs with magnification-corrected angio- 
_ VALENTIN FUSTER, MD, FACC graphic luminal measurements and quantitative histologic evaluation of 

_ MIGUEL JOSA, MD the vein grafts. There were 11 control animals and 11 animals treated with 
— MICHAEL P. KAYE, MD, FACC dipyridamole, 55 mg/day, plus aspirin, 325 mg/day. Eighteen animals with 
Rochester, Minnesota patent grafts were studied when electively killed 2, 4 or 6 months after 


grafting. At 14 days, there was greater angiographic narrowing in the most 
distal 1 cm of vein grafts in control than in treated dogs {P «0.01). This 
same angiographic narrowing persisted in control dogs until they were 
killed (P <0.03). Computer-assisted measurements of the entire area 
of intimal thickening were done on vein graft cross sections taken 1 cm 
from the distal anastomosis. The circumference of the vein grafts at the 
intimal-media junction was measured from the same section and the 
potential maximal luminal area calculated. The calculated luminal nar- 
rowing due to intimal thickening was greater in control than in treated dogs 
(P «0.03). These data correlate well with the demonstrated angiographic 
narrowing. The findings indicate that the degree of early intimal thickening 
that persists 2 to 6 months postoperatively in canine coronary bypass vein 
grafts may be reduced by the platelet inhibitor combination of dipyridamole 
plus aspirin. 





Aortocoronary bypass surgery. with autologous saphenous vein grafts! 
is at present used widely in patients with coronary artery disease. A major 
limitation of this procedure is the occurrence of vein graft obstruction.?? 
Pathologic studies of the aortocoronary saphenous vein grafts have re- 
vealed occluding thrombi in grafts from short-term survivors and intimal 
thickening resulting in occlusion in grafts from patients surviving for 
more than a month.*-9 

There is now suggestive clinical and experimental evidence’? that. 
platelets may play an important role in the pathogenesis of early 
thrombotic graft occlusions. Moreover, experimental studies have linked 
platelets to the formation of intimal thickening in early atherosclerotic 
lesions,!?-!? and this thickening could be reduced or prevented by 
platelet inhibitors.!? Because the morphologic characteristics of the 
intimal thickening of arterial atherosclerotic lesions are indistinguishable 
from those of the intimal thickening of the late vein graft occlu- 
sions, *!4-16 it seems reasonable to consider that platelets may also play 
a critical role in the luminal narrowing of vein grafts. In this study, we _ 
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intercostal space. The unperfused undistended reversed right 
femoral leg vein was used for the bypass graft. In all animals 
the distal anastomosis, performed with the use of systemic 
hypothermia to 25°C, was made to the anterior descending 
coronary artery just distal to the first diagonal branch, with 
5 use of a running suture of 7-0 Prolene interrupted at two 
points. After completion of this distal anastomosis, a bulldog 
clamp was placed across the saphenous vein near the vein- 
coronary arterial anastomosis, the aorta was unclamped and 
rewarming was begun. A side-biting clamp was then placed 
on the ascending aorta, and the proximal anastomosis of vein 
to aorta was carried out with a running 6-0 Prolene stitch 
interrupted at two points. Before removal of the bulldog clamp 
on the distal portion of the vein, air was vented from the vein 
graft by aspiration through a 25 gauge needle. The heart was 
defibrillated with a single shock and, when suitable cardiac 
action had been reestablished, bypass was discontinued. The 
effect of heparin was reversed with protamine, a chest tube 
was placed and the chest. was closed in routine fashion. During 
the operative procedure and the immediate postoperative 
period, arterial and venous pressures were monitored through 
the left internal mammary artery and left external jugular 
vein. When adequate spontaneous respiration occurred in the 
postoperative period, the chest tube and the monitoring 
catheters were removed, and the animals were returned to 
their cages. 

Medication groups: The dogs were randomly assigned to 
one of two groups. In the control group 11 dogs underwent 
bypass grafting and received no medication other than sys- 
temic antibiotic drugs during the procedure and in the post- 
operative period. In the treated group 11 animals were given 
dipyridamole, 55 mg/day, for 2 days preoperatively (including 
the day of operation), 55 mg of dipyridamole the day after 
operation and then, starting 48 hours after operation dipy- 
ridamole, 55 mg/day plus aspirin 325 mg/day, and this regi- 
men was continued until the dogs were killed. Pilot studies in 
our laboratory demonstrated that preoperative administration 
of dipyridamole with aspirin resulted in excessive intraoper- 
ative and postoperative bleeding. Consequently, in this study, 
aspirin was withheld until the postoperative period. 

Of the 22 dogs that underwent aortocoronary vein bypass 

. grafting, two dogs with patent grafts died of arrhythmias 
approximately 2 hours postoperatively. Technical problems 
compromised two additional grafts, and these specimens could 
not be justifiably used for comparative analysis. Eighteen 
dogs, nine treated and nine untreated, were included in our 
analyses. All dogs had a patent graft until the time of 
death. 

Angiographic studies: Selective videoangiography of the 
aortocoronary vein graft was performed 14 days after opera- 
tion and again just before the dog was killed. The animal, 
under light sodium pentobarbital anesthesia, was subjected 
to cardiac catheterization for the purpose of visualizing the 
bypass graft. It was positioned in a right anterior oblique po- 
sition, and a no. 7F catheter was introduced through the left 
carotid artery and guided under fluoroscopic vision to the area 
of the aorta-vein anastomosis.At this point, an automated 
delivery system injected a constant volume of Renografin®, 
and a spot film was taken to demonstrate the anatomic loca- 
tion and the patency of the bypass graft. When suitable an- 
giograms had been obtained, the catheter was removed, the 
artery ligated and the animal returned to its cage. The com- 
puter program described by Smith et al.!?15 was used to de- 
termine the mean diameter of the most proximal and most 
distal 1 em segments of each vein graft. Twenty equally spaced 
«diameter measurements along each 1 cm segment were ob- 
tained to determine the mean diameter. 
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Pathologic studies: Each dog was killed 2, 4 or 6 months . r 


postoperatively. After formaldehyde fixation of the heart, the. 


following tissue specimens were sampled for histologic ex- 
amination: cross sections at multiple sites along the vein graft; 
sagittal sections across each anastomosis, cross sections of the 


native coronary artery distal to the graft-coronary arterial -. 


anastomosis and cross sections of the native coronary artery 
proximal to the ligature. Each specimen was paraffin-em- 
bedded, and consecutive 5 u sections from each tissue block 
were processéd for hematoxylin-eosin, Mallory-Heidenhain, .. 
and elastic van Gieson stains. All histologic sections were ex- 
amined by an observer who had no prior knowledge of the 
animal groups. 

To quantitate the intimal thickening, a photomicrograph | 
of the elastic van Gieson-stained cross section taken 1 cm 
proximal to the distal anastomosis was made at a magnifica- 
tion 10 times the original. A graduated microscopic eyepiece 
grid (Bausch and Lomb, Whipple Dise 31-16-21) of known 
area was similarly photographed. The photograph of the grid: - 
served as a standard for linear arid area measurements. The 
pathologist marked the intima-medial junction directly on the 


photographs with a fine-point ink pen. Using an operator- ^. 


interactive computer-controlled system for high fidelity dig- 


itization and analysis of biomedical images,!? we measured ©. 
the area of the outlined image by tracing out the border of the 


intimal-medial junction using a light pen on-line to the com- 
puter. The area of the image bordering on the luminal margin 
of the vessel was also determined and subtracted from the area 
subtended by the intimal-medial junction (Fig. 1). The re- 
sultant area was a measure of intimal thickening. 

The degree of luminal narrowing caused by the intimal 
thickening was calculated using the absolute pictorial area 
of intimal thickening from each section and dividing this by 
the calculated maximal potential luminal area from each re- 
spective section. This decimal fraction was then multiplied 
by 100 percent to determine the percent graft narrowing 










Luminal margin 
of intima 


-Line marking 
intimal-medial 
border 


—Total area of 
intimal tissue 


FIGURE 1. Photomicrograph (top) and diagrams (center and bottom) : 
of vein graft cross section. To compute the total area of intimal tissue ee 
(shaded), the area within the luminal margin was subtracted. from he 
area within the intimai-medial border. VIS 
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secondary to intimal thickening. The calculated maximal 
potential luminal area was derived from a precise measure- 
ment of the graft circumference at the intimal-medial junc- 
tion. Because the maximal area of any image of known cir- 
cumference is identical to the area of a circle of the same cir- 
cumference, we used the formulas that apply to circles (cir- 
cumference = 277; area = 271?) to determine the maximal 
potential luminal area. 


TABLE | 
Postoperative Mean Diameter of Graft Segments (mm) 





Dog Proximal Distal 
Group 14 Days on Death 14 Days 


Untreated 6.30 + 0.66* 6.44 + 0.411 5.10 + 0.97? 5.78 + 1.958 
Treated 6.82 +0.41* 7.55 +0.56t 7.10 + 1.00% 7.55 + 1.058 


* Difference not significant; t P (probability) «0.001; * P «0.01; 5 P 
« 0.03. 


on Death 


B 
METRIC 1 





FIGURE 2. X-ray films (right ante- 
rior oblique projection) of vein grafts 
from an untreated (left) and a 
treated (right) dog. Note the luminal 
narrowing in the distal portion of the 
vein graft from the untreated dog 
(arrow). 


Results 


Angiographic findings: In the distal vein graft 
segments, 14 days after operation, the mean diameter 
was significantly smaller (P «0.01) in the untreated 
than in the treated dogs (Table I, Fig. 2). When the same 
comparisons were made just before the dogs were killed, 
the distal segments again were narrower (P «0.03) in 
the untreated than in the treated dogs. The proximal 
vein graft segments at 14 days after operation were not 
significantly different in untreated and treated dogs. 
However, the late studies demonstrated a significant 
difference (P «0.001) (Table I) because, with time, the 
absolute mean diameter of the proximal segment in the 
treated animals increased from 6.82 + 0.41 to 7.55 + 0.56 
mm (P <0.01), whereas no significant increase occurred 
in the untreated dogs. 

Pathologic findings: Inspection of the hearts before 
fixation revealed the aortic anastomosis to be widely 


FIGURE 3. Cross-sectional 1 mm rings 
from an untreated dog. A, 1 cm from 
the aortic anastomosis; B, mic graft 
level; C, 1 cm *rom the graft-coronary 
arterial anastomosis. Note the degree 
of intimal thickening in sections B and * 
C, as indicated by arrows. 
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FIGURE 4. Cross-sectional 1 mm rings 
from a treated dog. A, 1 cm from the 
aortic anastomosis; B, mid graft level; 
C, 1 cm from the graft-coronary arterial 
anastomosis. There is little or no intimal 
thickening. 


patent in all animals. On histologic examination, intimal 
proliferation was uniformly present to a greater or lesser 
degree in all vein grafts beginning at the aortic anasto- 
mosis and extending 1 to 2 mm into the coronary artery. 
Beyond this the coronary artery was normal. The inti- 
mal thickening consisted of varying combinations of 
subendothelial proliferation of smooth muscle cells 
(myointimal cells), deposition of extra cell fibrocol- 
lagenous connective tissue and stainable proteoglycens. 
Significant asymmetric intimal thickening was present 
in seven of nine untreated animals (Fig. 3). In the 
treated group only two of the nine had intimal thick- 
ening similar in severity to that of the untreated group; 
the remaining seven had only minimal thickening (Fig. 
4). 

Quantitative histologic examination of the thick- 
ened intima from the vein graft cross sections taken 8 
to 10 mm proximal to the graft-coronary arterial anas- 
tomoses revealed 37.3 + 7.6 (standard error) percent 
luminal narrowing in the untreated grafts compared 
with 15.5 + 4.55 percent luminal narrowing in the 
treated grafts (Fig. 5). This difference in degree of in- 
timal thickening was statistically significant (P 
«0.03). 
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FIGURE 5. Percent graft luminal narrowing 8 to 10 mm 
from the graft-coronary arterial anastomosis in untreated 
‘and treated dogs. m = mean; SE = standard error; P = 0 
probability. 
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Discussion 


Platelet inhibitor drugs, graft narrowing and 
intimal thickening: One of the major limitations of 
aortocoronary bypass surgery with autologous saphe- 
nous vein grafts is the occurrence of occlusion of the 
grafts secondary to thrombosis or intimal proliferation. 
Because platelets appear to play a role in the process of 
vascular occlusive disease we tested the possible pre- 
ventive effects of a platelet inhibitor drug regimen in a 
homogeneous group of dogs with no known risk factors 
for cardiovascular disease. The data obtained from these 
studies demonstrate that treatment with the regimen 
of dipyridamole plus aspirin, at dosages comparable 
with those used in human beings,?? significantly de- 
creased the amount of intimal proliferation in coronary 
bypass grafts. Angiographic measurement of mean di- 
ameters in the most proximal and the most distal 1 cm 
segment of each vein graft was thought to represent best 
the diameters of the lumens at either end of the graft. 
The lumen within the most proximal 1 cm vein graft 
segment was fairly uniform in diameter, and any one 
diameter within the segment approximated that seg- 
ment's mean diameter. Within the distal 1 cm segment, 
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particularly in untreated animals, the graft lumen 
tended to narrow progressively. Had we selected the 
-most narrowed diameter rather than the mean diameter 
within this segment then the differences in diameter 
noted angiographically from the proximal to the distal 
segment and between groups would have been even 
more striking. Nevertheless, distal graft narrowing was 
significantly different in the untreated and treated 
animals. 

For the quantitative determination of intimal 
thickening, we arbitrarily selected the cross section 
— taken 1 cm from the distal anastomosis for the mea- 
= sürement of intimal thickening. This site was selected 
because the distal ends were most prone to the devel- 
opment of intimal thickening. The vein graft intimal 
thickening seen in our studies was indistinguishable 
from the arterial lesion cf intimal smooth muscle pro- 
liferation seen in human beings.*!® 
< Inthe calculation of percent luminal narrowing a bias 
~ is introduced that minimizes the difference between the 
untreated and treated animals. The measurement of 

“maximal potential luminal area is used in the denomi- 
nator of this calculation, and one known factor in- 


fluenced it. The vein’grafts from untreated animals were 
grossly more thin-walled and distensible in vivo; thus, 
the measurement of maximal potential luminal area is 
an underestimate in this group. In light of this factor, 
the luminal narrowing would be less than calculated. 

Clinical implications: It is estimated that in this 
country alone, at least 50,000 patients undergo aorto- 
coronary bypass surgery with saphenous vein grafts 
every year. New therapeutic approaches are needed to 
reduce the significant incidence of graft occlusion in 
these patients. Qur study suggests that the drug regimen 
of dipyridamole plus aspirin can improve the graft 
patency rates in dogs. Therefore, the design of clinical 
trials to test the protective effect of this drug combi- 
nation is now fully justified in patients undergoing 
aortocoronary bypass surgery. 
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Encainide, a new benzanillide derivative with high potency and a good __ 
therapeutic/toxic ratio, was evaluated with the use of standard His bundle 
recording techniques to determine its effects on the cardiac conduction _ 
system in closed chest animals. Twenty mongrel dogs weighing 18 to 29 
kg were anesthetized with 4 percent chloralose and classified into groups: 
group 1, a control group and groups 2, 3, and 4, which were given 0.3, 0.9 | 
and 2.7 mg/kg body weight, respectively, of encainide in an intravenous _ 
infusion over a 15 minute period. Plasma concentration, blood pressure, — 
surface electrocardiogram and atrial and His bundle electrograms were 1 

recorded before, during and after drug infusion for a total of 120 minutes. - 
Heart rate, A-H and H-V intervals, the QRS complex and Q-Tc interval 
were measured every 5 minutes during sinus rhythm and with constant 
atrial pacing. In addition, sinus nodal recovery time and atrial, atrioven- 
tricular (A-V) nodal and left ventricular refractory periods were measured 
before and immediately after infusion and every 30 minutes for 2 hours. : 
Peak plasma concentration averaged 450 ng/ml in group 2, 1,300 ng/ml 
in group 3 and 4,000 ng/ml in group 4. Blood pressure was not altered at — 
any dose level throughout the study. The QRS complex and H-V interval 
were significantly prolonged (P <0.005) at doses of 0.9 mg/kg and 
greater. These effects correlated well with plasma concentration. There 

was no significant change in heart rate, corrected sinus nodal recovery —— 
time, A-H interval, Q-Tc interval atrial, A-V nodal or left ventricular re- —— 























affecting conduction or refractoriness of other parts of the cardiac con- a 
duction system in animals. SOM 


Encainide is a new benzanillide derivative chemically identified as [4- —— 
methoxy-2" (1-methyl-2-piperidyl ethyl) benzanillide] hydrochloride - s 
with laboratory-documented antiarrhythmic action. Its chemical 
structure does not resemble that of any of the known antiarrhythmic 
drugs (Fig. 1). The agent was selected from a series of chemically related 
structures on the basis of its antiarrhythmic efficacy in various animal 
models.'-? It was also tested preliminarily in human volunteers with oral 
and intravenous doses ranging from 0.25 to 2.0 mg/kg body weight and 
Showed a high therapeutic/toxic ratio. In order to expand the clinical 
studies with encainide, it is necessary to define its electrophysiologic 
properties in the cardiac conduction system. Accordingly, in this study 
we attempted to determine the acute effect of intravenously adminis- 
tered encainide on the cardiac conduction system in animals with ihe 
use of standard His bundle recording techniques. 


Methods 






Study Population 


The experiments were conducted with a closed chest technique in 20 mongrel 
dogs ranging in weight from 18to 29 kg. The animals were anesthetized with a 
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4—methoxy—2'— [2—(1—methyl—2—piperidyl ) ethyl] 
benzanilide hydrochloride 


* HCI 


OCH4 


FIGURE 1. Structural formula of encainide. 


4 percent solution of alpha chloralose in polyethylene glycol, 
_ 5 ce/kg initially, and additional 1 cc/kg doses as required to 
- maintain a constant level of anesthesia. The dogs were intu- 
bated with a cuffed endotracheal tube and ventilated with 
* humidified room air, using a Harvard pump. Arterial blood 
4. gas tensions were determined using a Corning model 165 
- Blood Gas Analyzer. The depth and rate of respiration were 
_ adjüsted so as to maintain an arterial oxygen tension over 72 
. mm Hg and pH between 7.35 and 7.44. The temperature of the 
“animal was maintained at 37°C using a thermal blanket. A 
"catheter was inserted into the left femoral artery to monitor 
^ the systemic arterial blood pressure with a Statham P23Db 
- transducer and to allow access for blood gas sampling and 
5: determination of plasma drug concentration. The right fem- 
“oral vein was exposed and cannulated for infusion of encainide 
-~ and chloralose. 





.. Electrophysiologic Methods 


The right and left carotid arteries and right internal jugular 
veins were exposed with a cutdown procedure. A no. 7 tripolar 
recording catheter was advanced through an arteriotomy in 
the right external carotid artery until resistance was met at 
=. the aortic valve. The catheter was then manipulated until a 
** satisfactory His bundle electrogram was obtained. A no. 7 
quadripolar pacing and recording catheter was advanced to 
< the right atrium through the right internal jugular vein and 
tc positioned so as to obtain atrial pacing and recording. A no. 
577 quadripolar electrode catheter was positioned in the left 
- ventricle through a cutdown in the left external carotid ar- 
v ootery. 
:= Surface electrocardiographic leads 1, H and aVF were re- 
corded simultaneously with atrial, ventricular and His bundle 
electrograms. Intracardiac signals were filtered at frequencies 
-of 50 to 500 hertz through the alternative current input of a 
Hewlett-Packard 88-11A bioelectric amplifier, and the data 
were displayed on.a switched-beam oscilloscope and recorded 
on Kodak light-sensitive paper with a Honeywell 1508 
write-out at 100 mm/sec. In addition, the H-V intervals were 
displayed on a Tektronix 7623A storage oscilloscope at a sweep 
speed of 5 or 10 msec/cm and recorded on Polaroid? 3,000 
speed, type 107 film. Atrial and ventricular pacing stimuli of 
2 msec duration were delivered by a Tektronix pulse generator 
through an electrical isolation unit at twice the diastolic 
threshold. 





S vs M (p< .005) 
M vs L (p< .005) 


MEAN Cp Ing/mi) 


+ DRUG 
INFUSION 





o 20 40 80 80. 100 126 140 160 
TIME (min) 
FIGURE 2. Temporal changes in mean plasma concentration of en- 
cainide. Cp = plasma concentration; L = large dose = 2.7 mg/kgl (no. 
= 7); M = medium dose = 0.9 mg/kg (no. = 4); p = probability; S= 
small dose = 0.3 mg/kg (no. = 4). Thé hatched area indicates the 15 
minute drug infusion period. Statistical intergroup differences were 
evaluated at the end of the 15 minute infusion period (T 45). 


Measurements: After instrumentation, the following 
measurements were obtained: plasma concentration, blood 
pressure, conduction intervals (À-H, H-V, QRS and Q-T in- 
tervals) measured during sinus rhythm and with constant 
atrial pacing at a cycle length of 50 to 100 msec below the 
spontaneous cycle length. In addition, the corrected sinus 
nedal recovery time, Wenckebach cycle length and atrial, 
atrioventricular atrial, (A-V) nodal and left ventricular re- 
fractory periods were determined. 

The H-V interval was measured from a rapid sweep oscil- 
loscopic display of the His bundle electrogram. To avoid 
confusing the onset of His bundle activation with baseline 
instability, measurements were taken from the onset of the 
first rapid His deflection to the onset of the local ventricular 
electrogram. This oscilloscopic method for H-V measurement 
was used to increase resolution and accuracy. In addition, the 
relation of onset of the local ventricular electrogram in the His 
bundle lead to the earliest surface QRS deflection recorded 
on paper at 100 mm/sec was evaluated in each animal before 
and after encainide, and no change was seen. This finding 
shows that this method did not measure a change in intra- 
ven£ricular or selective right bundle branch conduction ve- 
locity rather than true His-Purkinje system conduction. The 
sinus cycle length was averaged from 10 consecutive sinus 
beats. The QRS and Q-T intervals were measured from the 
surface electrocardiogram. The Q-T interval was corrected 
to a cycle length of 1 second by the formula: Q-T, = 
Q-T^/R-R. 

The sinus nodal recovery time was measured as the longest 
sinus pause after atrial pacing at cycle lengths of 400, 350, 300 
and 250 msec. Each rapid pacing episode was separated from 
the subsequent period by a 60 second rest. The corrected sinus 
nodal recovery time (SNRT,) was calculated according to the 
following formula: SNRT, = SNRT: — (R-R). The Wencke- 


bach cycle length was defined as the longest atrial pacing cycle 
‘length at which A-V nodal Wenckebach conduction consis- 


tently occurred, determined to the nearest 10 mm sec. 
Programmed premature extra stimuli were used to eval- 
uate refractory periods.* The atrial effective refractory period 
and the A-V nodal functional and effective refractory periods * 
were determined during atrial pacing at the basic cycle length 
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_ | FIGURE 3. Recordings during spontaneous sinus rhythm 
| :(100 mm/sec) before and after infusion of 0.9 mg/kg of 
encainide in one animal. From top te bottom, L i! = sur- 
face electrocardiographic lead Il; HBE = His bundle 
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electrogram; BP = blood pressure; RA = right atrial HV 35 AHBS HV45 AH 85 
electrogram. A = atrial potential; H = His bundle poten- | 

tial; V = ventricular potential. The QRS duration was 60 A vV A v A v A V ; 
msec before and 70 msec after drug infusion. The H-V — RA eee NA pmi) NM RA cored, ec. Auscenraasci et accessed 
interval was 35 msec before and 45 msec after drug i 1 200 

infusion; no change occurred in the R-R interval (470 200 msec 


msec), Q-T (225 msec) or A-H (85 msec) interval. 


4i and measured to the nearest 10 msec, using techniques and 
7 definitions previously described. The left ventricular effective 
- refractory period was measured during cotistant atrial pacing 
by programmed premature left ventricular extrastimuli (Sy) 
introduced after every eight paced basic drive beats (S,). The 
longest S;-S; interval at which S» consistently failed to cap- 
ture the ventricle was considered the effective refractory pe- 

-. riod of the left ventricle. The sequence of stimuli was pro- 

` grammed on a digital stimulator (WPI, New Haven). 

Drug infusion: The animals were separated into four 
groups: A control group of five dogs received a 15 minute in- 
travenous infusion of normal saline solution, A “small” dose 
group of four dogs received 0.3 mg/kg of encainide; a *medi- 
um" dose group of four dogs received 0.9 mg/kg and a “large” 
dose group of seven dogs received 2.7 mg/kg of encainide. In 
every case, the total dose of drug was infused intravenously 
over 15 minutes by a Harvard pump. 

With radioimmunoassay technique, the plasma concen- 
tration of encainide was measured every 5 minutes for the first 

.. 80 minutes after the start of infusion and every 15 minutes 
L <- thereafter for a total of 2 hours. Blood pressure and electro- 
. physiologic measurements were repeated after the end of 
i... infusion and every 30 minutes thereafter for a total of 2 hours. 
[^ In addition, blood pressure and conduction interval mea- 
surements (sinus cycle length, A-H, H-V, QRS and Q-T, in- 
tervals) were measured every 15 minutes throughout the 
study. 

Statistical analysis: A one way analysis of variance was 
used to determine the statistical significance of the maximal 
changes from control state observed after encainide infusion. 
When the F value was found statistically significant, Student's 
unpaired t tests were used to evaluate differences between 
doses. Linear regression curves were used to evaluate the 
relation between peak plasma concentration and maximal 
electrophysiologic effects after infusion of encainide. Standard 
deviations are expressed throughout. 










Results 


Encainide plasma concentration: Figure 2 shows 
the plasma concentration of encainide during and after 
15 minutes of infusion of 0.3, 0.9 and 2.7 mg/kg of the 
drug. Peak plasma concentration was reached at the end 
of the infusion in each animal and averaged 460 + 150, 
1,300 + 310 and 4,100 + 190 ng/ml for the small, medi- 
um and large doses, respectively. After the end of 
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infusion the decrease in plasma concentration was 
biexponential: The rapid distribution phase took about ^ 
15 minutes and the elimination half-life for each of the ` 
three dose levels was estimated graphically on a semi- 
logarithmic paper to be approximately 1.5 hours. 


Electrophysiologic Effects 


Encainide significantly prolonged the H-V interval and — 
QRS duration at doses of 0.9 mg/kg and greater (Fig. 3). 
These prolongations were not accompanied by signifi- 
cant changes in sinus cycle length, blood pressure or _ 
A-H or Q- T. interval. Figure 4 shows an example of the 
Polaroid? pictures obtained from the oscilloscopie — 
display of the H-V interval before and after infusion of © 
2.7 mg/kg of encainide in one animal. Because peak 
plasma concentration coincided with the end of infusion 
(T45), percent changes from baseline at Tis were cal- 
culated and averaged for each dose group and compared 
with the control value (Table I). = 
Effect on His-Purkinje system and ventricles 
Highly significant increases in H-V interval and QRS. 
duration were noted after encainide infusion (F — 37.36, 
P «0.001) and F = 29.87, P < 0.001, respectively). No 
significant changes were noted in ventricular repolari- ' 
zation (Q-T, interval) or ventricular refractoriness. The 
refractory period of the His Purkinje system could not 
be determined because preferential delay or block did 
not occur in any animal below the level of the His — 
bundle. Uu 
Figure 5 shows the mean maximal percent increase 
in the H-V interval and QRS duration observed at Tis 
in each of the three drug groups. In the small dose group,. 
encainide produced an insignificant increase in both 
variables. In the medium dose group the increases inthe — 
H-V interval and QRS duration were 31 and 15 percent. 
respectively. These increases were significantly different 
from those observed at the small dose level (P «0.001 
for the H-V interval and P «0.005 for the. QRS com- 
plex). The mean maximal percent increase in these 
variables reached 48 and 39 percent, respectively, in th 
large dose group. These increases were also significant! 
different from those observed at the medium dose level 














c milliseconds: V = ventricular potential. 
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zc FIGURE 4. Oscilloscopic recording (5 msec/cm) of the H-V interval 


measured during constant atrial pacing before (CONTROL) and after 


infusion of 2.7 mg/kg of encainide. H = His bundle potential; ms = 
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FIGURE 5. Mean percent change from control values of the H-V interval 
and ORS duration measured at the end of encainide infusion (T4) in dogs 
receiving a small (S) dose of 0.3 mg/kg (11 and 2 percent, respectively], 
a medium (M) dose of 0.9 mg/kg (31 and 15 percent, respectively) and 
a large (L) dose of 2.7 mg/kg (48 and 29 percent, respectivelyjon = 
number of dogs: p = probability. 


iP «0.001 for the H-V interval and P «0.005 for the 
QRS complex). 

Figure 6, top shows the mean changes in the H-V in- 
terval from basal values during the entire period of the 
study in control animals and in the small, medium and 
large dose groups. Although the H-V interval did not 
change during the entire period of observation in control 
animals, it showed maximal increases at Tig and an 
exponential return toward basal values in all three drug 
groups. The same pattern of variation was observed for 
ihe QRS duration (Fig. 6, bottom). 

Effect on sinus node: The average change in heart 
rate at Ti, did not exceed 2 percent in control animal 

















"Mean Percent Change of Electrophysiologic Variables at the End of a 15 Minute infusion et Encainide 
Small Medium Large Analysis of 
Variable Control Dose Dose Dose Variance (F) 
no. ot dogs 5 4 4 7 
Effect on sinus node 
Heart rate 2242 328 —7 t8 248 1.27 NS 
1 Max SNRT, 32 + 47 33 + 64 58 + 154 —1d864 0.44 NS 
—Effecton atrium 
ex Atrial ERP O+0 1318 $+ 13 7 X 42 1.10 NS 
Effect on. A-V node 
coUo Conduction 
Paced A-H -219 —3 49 1345 79 2.89 NS 
“Wenekebach cycle 442 324 12 748 12+ 10 1.20 NS 
length 
-2. Relractoriness 
RRP -i43 146 6+3 2+3 1.89 NS 
: ERP —2 i4 16 18 7 X 14 5+8 2.16 NS 
t Effect on His-Purkinje 
system and ventricies 
3. Conduction 
Paced H-V 0x0 11t5 3147 48 + 12 37.36" 
... Paced ORS 0:0 218 1515 2947 29.87" 
2. Repolarization 
OTs. ~1:i6 TES 1546 444 0.92 NS 
3. Refactoriness 
Left ventricular ERP O+0 n = 040 = 


* Probability (P) < 0.001. 


A-V = atrioventricular; ERP = effective refractory period; FRP = functional refractory period; NS = not significant SNET = = corrected sinus + 


node recovery time. 
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FIGURE 6. Temporal changes (A) in the mean H-V interval (top) and 
QRS duration (bottom) in five control animals (C) and four animals 
receiving a smali (S) dose (0:3 mg/kg), four receiving a medium (M) dose 
E (0.9. mg/kg) and seven receiving a large dose (L) (2.7 mg/kg) of en- 
E cainide. Statistical intergroup differences were evaluated at the end 
t ofthe infusion period (Ty). NS = not significant; p = probability. 


and increased by 3 and 2 percent, respectively, in the 
small and large dose groups and decreased by 7 percent 
in the medium dose group. These changes were not 
statistically significant. The changes in maximal sinus 
nodal recovery time showed marked intragroup varia- 
tions and did not reach statistical significance (F = 0.44) 
(Table I). 

Effect on atrium: No change in the atrial effective 
refractory period was observed at Ty; in control animals. 
The mean percent increase was 15 + 8 msec in the small 
dose group, 9 + 13.msec in the medium dose group and 
7 + 12 msec in the large dose group. These changes were 

_ not statistically significant (F = 1.10) (Table I). 
| Effect on A-V nodal conduction: The mean percent 
| change in the A-H interval measured during constant 
atrial pacing was —2 + 9 in control animals, —3 + 9 in 
the small dose group, 15 + 5 in the medium dose group 
and 7 + 9 in the large dose group, but again these 
, changes did not reach statistical significance (F = 2.89, 
P = 0.25). The average change in Wenckebach cycle 
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FIGURE 7. Linear regression between the percent changes (Ayia the c 
H-V interval and QRS duration and the log plasma concentration {Cp} _ 
of encainide measured at the end of the infusion period {Tisina 15. 
animals receiving the drug. p = probability; r = correlation coeffi- 
cient. zm 


length did not exceed 1 percent in control animals. _ 
However, animals receiving encainide showed marked 
intragroup variations from basal values, but the average _ 
percent increase at Tys for all dose levels remained D 
nonsignificant (F — 1.20) (Table I). * 
Effect on A-V nodal refractoriness: The A-V nodal _ 
functional refractory period remained virtually unal- . 
tered at T;5 in control animals as well as in animals re- - 
ceiving each of the three doses of encainide (F = 1.89, _ 
difference not significant). In contrast the A-V nodal | 
effective refractory. period showed wide intragroup _ 
variations in animals receiving encainide as compared _ 
with control animals. However, none of the average - 
changes, reached statistical significance (F = 2.16) — 
(Table D. 
Correlations of electrophysiologic changes with 
plasma concentration of encainide: Figure T shows 
the correlation between the percent increase in the H-V 
interval and QRS duration at Tys with the peak plasma - 
concentration of encainide at the same time. For both 
the H-V interval and QRS duration the correlation with. 
the log plasma-concentration was linear and highly | 
significant: r= 0.87 (P «0.001) for the H-V interval and. 
r = 0.85 CP <0.001) for the QRS duration. None of th 
other electrophysiologic variables measured correlated 
significantly with the plasma concentration. 
Effect on blood pressure: The average changes in 
mean arterial blood pressure at T',5 did not exceed 
percent in control animals. The average mean. arterial 
blood pressure increased by 2 percent in small and larg: 
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dose groups and decreased by 1 percent in the medium 
dose group. These changes were not statistically sig- 
nificant. 
Discussion 
We have studied the electrophysiologic effects of 
encainide in closed chest animals at three doses (0.3, 0.9 
and 2.7 mg/kg, respectively) that, on the basis of pre- 
-vious observations,!:2 were believed to cover a wide 
spectrum of plasma concentration ranging from below 
to well above therapeutic levels. In our study, encainide 
significantly delayed His-Purkinje system and intra- 
. ventricular conduction at doses of 0.9 mg/kg and greater 
(Fig. 5). This delay was highly correlated with the 
„plasma concentration achieved in these dogs (Fig. 7). 
-Whether this delay reflects a selective action on the 
specialized conduction fibers of the His-Purkinje system 
or.an effect on ventricular muscle conduction as well 
-could not be determined in our study. However, this 
marked effect on His-Purkinje conduction was not as- 
- sociated with a significant effect on ventricular repo- 
- larization or refractoriness. Gibson et al.? found similar 
effects of encainide on transmembrane potentials of 
canine Purkinje fibers. Encainide did not significantly 
--change blood pressure, heart rate or any of the other 
. electrophysiologic variables measured (Table I). 
— Comparison with other antiarrhythmic agents: 
. Encainide resembles the class I antiarrhythmic agents 
"(quinidine, procainamide, disopyramide) that also 
significantly prolong conduction in the His-Purkinje 
system,® an effect that is believed to be closely asso- 
ciated with their antiarrhythmic potency.? However, 
~ encainide, differs from class I drugs in that it does not 
_ Significantly prolong the ventricular effective refractory 
period or the Q- T, interval, two effects that are con- 
.sistently observed with therapeutic doses of class I 
, drugs. ? Furthermore, quinidine-like drugs are re- 
ported to prolong the atrial effective refractory period. 
Whereas this effect was observed in some of our animals 
_-at all dose levels, the mean percent increase in the atrial 
effective retractory period at various dose levels did not 


reach statistical significance and was not significantly 
correlated with plasma concentration (Table I). Quin- 
idine and quinidine-like drugs lower the blood pressure 
and accelerate heart rate, either reflexly or by a vago- 
lytic effect. These effects were not observed in our study 
at any dose level of encainide. The electrophysiologic 
effects of encainide as noted in our study do not re- 
semble those of lidocaine,!? tocainide,^!! beta adren- 
ergic blocking agents!?!? or other newly described 
antiarrhythmic drugs. 

Clinical implications: Although there are only 
limited clinical data on encainide, our electrophysiologic 
studies permit us to speculate on its possible clinical 
role. Because encainide significantly prolongs His- 
Purkinje system conduction it can be speculated that 
this is a mechanism by which it prevents or abolishes 
reentrant ventricular arrhythmias. Gibson et al. also 
found that encainide depresses automaticity in His- 
Purkinje canine myocardial fibers;? an effect that is 
believed to be common to most antiarrhythmic 
drugs.!? 

Encainide has little if any effect on A-V nodal con- 
duction and refractoriness and therefore should be safe 
to combine with beta blocking agents or calcium an- 
tagonists. Encdinide may prove to be of use in patients 
in whom slowing of the A-V nodal conduction is unde- 
sirable. Encainide should probably not be used in con- 
junction with quinidine-like drugs because they sig- 
nificantly prolong the H-V interval and QRS duration 
and this combination might represent a risk, especially 
in patients with disturbances of His- Purkinj je conduc- 
tion. 
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Effects of Thioridazine (Mellaril) on Ventricular 
Electrophysiologic Properties 


The effects of therapeutic and toxic doses of thioridazine (Mellaril) (10 __ 
and 50 mg/kg body weight, respectively) on ventricular electrophysiologic __ 
properties were studied in 12 anesthetized dogs. Threshold pacing cur- 
rents (diastolic threshold), effective refractory period and conduction time __ 
were significantly increased, and idioventricular automaticity was sup- v 
pressed after administration of 10 mg/kg of thioridazine; the effects were 

much more pronounced after administration of 50 mg/kg. Rapidly re- 
petitive responses or tachycardia could be induced in the ventricle by two 
early premature beats in 9 of the 12 dogs after the 50 mg/kg dose, but they 
did not occur before drug administration or after the 10 mg/kg dose. These 
results indicate that the antiarrhythmic and arrhythmogenic effects oi 
thioridazine are dose-dependent and that careful monitoring with freque 
electrocardiograms is needed for patients receiving large doses of tt s 
drug. 













The antiarrhythmic properties of thioridazine (Mellaril®) and other _ 
phenothiazine derivatives have been observed in animal experiments, ~* __ 
and the arrhythmogenic effects of these agents have also been observed _ 
clinically.5-? The arrhythmogenic complications were reported in rela- 
tively young persons who often had no apparent heart disease. Pheno-. - 
thiazine derivatives are widely used psychotropic agents, but electro- - 
cardiographic monitoring has not been frequent enough to elucidate the _ 
nature of their cardiac effects in man. Because the reported fatal com- — 
plications occurred in patients taking relatively large doses of pheno- 
thiazines, the arrhythmogenic effects might be dose-dependent. This _ 
study was conducted to test the effects of therapeutic and toxic doses _ 
of thioridazine on the electrophysiologic properties of canine ventri- 
cles. 





Methods 


Experimental procedure: Experiments were performed in 12 mongrel dogs 
anesthetized by intravenous injection of sodium pentobarbital, 30 to 35 mg/kg 
body weight. Under artificial respiration, the thorax was opened in the mid line. 
and the heart was cradled in the opened pericardium. A femoral vein was can- 
nulated for injection of thioridazine, and a femoral artery was cannulated to _ 
record the arterial pressure. Complete atrioventricular (A-V) block and the re- — 

sultant idioventricular rhythm were produced by destroying the His bundle with. _ 
an electric cautery knife, as described in our previous study. This model-was 
chosen to study the effect of thioridazine on idioventricular automaticity. : 

A pair of stimulating electrodes was attached to the anterior surface of the _ 
right ventricle, and a pair of recording electrodes was attached ata distance of — 
50 mm. Lead II electrograms, local right ventricular electrograms and the arti 
facts of stimuli delivered to the right ventricular stimulating site were recorded - 
on an Electronics for Medicine recorder. Patterns of basic and premature stimuli 
were programmed using a variable interval generator. The output of the interval 
generator triggered a Tektronix pulse generator that delivered rectangular pulses 
of 2 msec duration to the stimulating electrodes. The stimuli were also displaye: 
on an oscilloscope and calibrated by means of a Tektronix current probe u 
plifier. ; 
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_ FIGURE 1. Effects of thioridazine in two doses on diastolic threshold, 
'.- effective refractory period, conduction time and the R-R interval. The 
"values are means + standard error. MA = miliamperes. 


Electrophysiologic measurements: The threshold pacing 
current or diastolic threshold was determined by applying 
basic stimuli (81) of variable current intensities to the right 
ventricle at a cycle length of 400 to 500 msec, and the right 
ventricle was then paced by the basic S, at twice the diastolic 
threshold. The effective refractory period was determined by 
using a premature stimulus (Ss) delivered at variable intervals 
-after every 12th basic S. The right ventricular local electro- 
gram and the lead II electrocardiogram were used to indicate 
= the success or failure of S; in evoking a propagated response. 

The interval between S, and the earliest successful So was 
"recorded as an estimate of the effective refractory period. 
Ventricular conduction time was determined by measuring 
_. the interval between S and its response at the right ventric- 
-ular recording site. The destruction of the His bundle resulted 
` dn A-V dissociation with wide QRS complexes indicating idi- 


*: oventricular rather than A-V junctional rhythm. Idioventri- 


- cular automaticity was determined by measuring R-R inter- 
- vals of idioventricular rhythm. Ventricular vulnerability to 
arrhythmia was tested by applying two premature stimuli (S; 
and S3) that produce two successive premature beats at the 
"earliest possible intervals. Our earlier studies!!! showed that 
> rapidly repetitive responses could be regularly induced by two 
-early premature beats in the ventricle with increased vul- 
- merability to arrhythmias. 
: Drug administration: A solution of thioridazine was 
prepared by dissolving the drug in normal saline solution to 
a concentration of 50 mg/ml. In each animal after control 
observations were made, the effects of thioridazine were 
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studied at both therapeutic and toxic dose levels. The drug 
effects were first tested 15 minutes after intravenous injection 
of 10 mg/kg (therapeutic dose). An additional 40 mg/kg of 
thioridazine was then injected to bring the cumulative dose 
to 50 mg/kg (toxic dose), and the study was repeated 15 min- 
utes after the additional injection. The dose of 10 mg/kg has 
been used to demonstrate antiarrhythmic effects of the drug 
by others, and it is well within the therapeutic daily dosage 
recommended for human beings.! In the initial four dogs, 10 
mg/kg of thioridazine was administered every 15 minutes to 
permit observations of changes in idioventricular automaticity 
and arterial pressure. These variables were greatly decreased 
by the cumulative dose of 50 mg/kg, which was chosen as a 
toxic dose level. 


Results 


Figure 1 illustrates the effects of thioridazine on 
ventricular electrophysiologic properties studied in 12 
dogs. Diastolic threshold, effective refractory period and 
conduction time were all increased after administration 
of 10 mg/kg (therapeutic dose) of thioridazine and they 
were further increased after the cumulative dose of 50 
mg/kg (toxic dose) was administered in all animals. The 
mean diastolic threshold was 0.30-+ 0.04 milliamperes 
(ma) in the control period and increased to 0.60 + 0.06 
ma (P «0.001) after 10 mg/kg and to 0.98 + 0.11 ma (P 
<0.001) after 50 mg/kg of thioridazine. The mean ef- 
fective refractory period was 196 + 4 msec in the control 
pericd and increased to 213 + 3 msec (P <0.001) after 
10 mg/kg and to 230 + 4 msec (P <0.001) after 50 mg/kg. 
The mean conduction time was 46 + 2 msec in the 
control period and increased to 51 + 2 msec (P <0.01) 
after 10 mg/kg and to 88 + 4 msec (P «0.001) after 50 
mg/kg. The mean R-R interval of idioventricular 
rhythm was 880 + 48 msec in the control period and 
increased to 1,049 + 69 msec (P <0.001) after 10 mg/kg 
and to 1,690 + 101 msec (P <0.001) after 50 mg/kg of 
the drug. 

Figure 2 shows the results of a typical experiment 
demonstrating the decreased automaticity. The R-R 
interval was 940 msec in the control period and in- 
creased to 1,080 msec after 10 mg/kg and to 1,840 msec 
after 50 mg/kg of thioridazine. 

Figure 3 depicts the results of a typical experiment 
showing increased vulnerability to ventricular ar- 
rhythmia at a toxic dose level of thioridazine. In this 
experiment, the ventricle was paced with basic stimuli 
(Sà at a cycle length of 400 msec; after the 12th basic 
S1, two premature stimuli (Sa and 83) were applied to 
produce two premature beats at the earliest possible 
intervals. No rapidly repetitive beats were induced by 
the introduction of two early premature beats either in 
the control period or after 10 mg/kg of thioridazine 
(panels A and B). However, rapidly repetitive beats 
developed immediately after the introduction of two 
earlv premature beats after 50 mg/kg of the drug (panel 
C). This occurred when ventricular conduction was se- 
verely depressed, as evidenced by greatly prolonged 
QRS complexes at the toxic dose level. The same ex- 
periment was carried out in 12 dogs. Repetitive beats 
did not occur in these dogs before or after 10 mg/kg of . 
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FIGURE 2. Effect of thioridazine on idioventricular rate. See text. 





_.. thioridazine but developed in nine dogs after the 50 
Do mg/kg dose. 


Discussion 


Life-threatening cardiac complications of pheno- 
thiazines or tricyclic antidepressant agents have been 
observed clinically by several investigators.?-? Kelly et 
al. reported that two patients died of cardiac arrhyth- 
mias while receiving thioridazine in a daily dose of 1,500 
and 3,600 mg, respectively. Ventricular arrhythmias 
have been thought to be the major cause of death asso- 
ciated with phenothiazines. However, antiarrhythmic 
properties of phenothiazines have also been docu- 
mented in animal experiments.-* These apparent 
parodoxical effects of phenothiazines have not been 
clearly explained. Our results indicate that the antiar- 
rhythmic and arrhythmogenic effects are dose-depen- 
dent. We confirmed the quinidine-like action of thio- 
ridazine when it was administered in a therapeutic dose 
= (10 mg/kg) but found that the drug increased ventric- 

ular vulnerability to arrhythmia when given in a toxic 
dose (50 mg/kg). 

In our study, diastolic threshold, effective refractory 
period and conduction time were significantly increased 
and idioventricular antomaticity was suppressed by a 
therapeutic dose of thioridazine. Antiarrhythmic 
properties of the-drug can be attributed to the observed 
increase in diastolic threshold and effective refractory 
period and the decrease in automaticity. Thioridazine 
in a toxic dose further increased diastolic threshold, 
effective refractory period and conduction time and 
further suppressed idioventricular automaticity. Rap- 
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FIGURE 3. Production of rapidly repetitive responses by two early — 
premature beats after administration of 50 mg/kg of thioridazine. See 


text for detailed description. 


idly repetitive responses or tachycardia could be in- - - 


duced in the ventricle by two early premature beats in 2 


9 of 12 dogs after a toxic dose of thioridazine, but they 
did not occur before or after a therapeutic dose of the. 

drug. Our earlier studies!9.!! indicated that the repeti- 
tive responses induced by early premature beats are 
most likely due to the mechanism of reentry. Greatly 


slowed conduction is expected to favor the development — . 


of reentrant activity in the ventricle.” a 
Clinical implications: The deleterious effects of 
toxic doses of thioridazine could also be due to greatly 
suppressed idioventricular automaticity. The drug is 
also expected to suppress other automatic fibers and to > 
produce cardiac asystole. Because the inhibition of. 
centrally mediated pressor reflexes and the alpha ad- 


renergic blocking effects of thioridazine are well 


known," a significant decrease in blood pressure is also 
expected to occur. A marked decrease in ventricular rate 
and blood pressure would lead to a low cardiac output 


state and even to death. Our study indicates that cau- 


tion should be exercised in patients receiving large doses 


of phenothiazine derivatives, and electrocardiograms - 


and blood pressure should be frequently monitored in 
these patients. 
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ventricular ejection fraction. To be attributed to nonrandom physiologic 
alterations, the absolute change in ejection fraction should be 10 percent 


The intrinsic variability and accuracy of left ventricular ejection fraction 
determined by multiple gated cardiac blood pool imaging was evaluated 
in 83 patients. Ejection fraction by gated studies correlated well with data 
from first pass radionuclide angiocardiography (r = 0.94) and from 
contrast angiography (r = 0.84). Intra- and interobserver variabilities of 
absolute ejection fraction were minimal (mean + standard deviation 1. 

+ 1.2 and 1.6 + 1.5 percent, respectively) and were not different for 
normal (ejection fraction 55 percent or greater) and abnormal patients. 
Ejection fraction was determined twice in 70 patients: on the same day __ | 
at intervals separated by 1 to 2 hours (41 patients) and on 2 different days — 
(29 patients). Ejection fraction ranged from 18 to 91 percent and was 
normal in 37 patients. There was no difference in mean serial variabilities 
of absolute ejection fraction for all repeat studies performed on the same 
and separate days (3.3 + 3.1 versus 4.3 + 3.1 percent (not significantly 
different). The mean variability of absolute ejection fraction for repeat 
studies in normal patients was significantly greater than in abnormal __ 
patients (5.4 + 4.4 versus 2.1 + 2.0 percent, P <0. 01). The incidence __ 
rate of absolute interstudy changes of 5 percent or more was significantly 
higher in normal than in abnormal patients (P <0.01). This differential 
variability should be considered in interpreting sequential changes in left 














or more in normal patients and 5 percent or more in abnormal patients. 






Since its introduction in 1971,! electrocardiographically gated cardiac 
blood pool i imaging has gained widespread clinical acceptance for the 
noninvasive assessment of left ventricular function. The recent devel- 
opment of computer techniques?-? that allow for simultaneous acqui- - 
sition of data from multiple parts of each cardiac cycle (multiple gated 
cardiac blood pool imaging) has added precision to analysis and has 
further broadened application. The ability to obtain serial measurement 
of left ventricular ejection fraction after a single isotope injection makes 
this technique of monitoring left ventricular function particularly ap- 
pealing. Recent studies9-!? have indicated excellent correlations between 
data derived from multiple gated i imaging and contrast angiography. 
However, before multiple gated imaging can be used meaningfully to 
follow up patients in a sequential manner, the intrinsic variability of thi 
technique must be defined. The reproducibility and intrinsic variability. 
of multiple gated imaging determined in a large series of patients have 
not been described. Furthermore, it is not known whether these deter- 
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<- minations are comparable over the range of values for 
_ left ventricular ejection fraction encountered in both 
|. normal and abnormal subjects. 
>... The purpose of this study was to evaluate the repro- 
— dueibility and intrinsic variability of serial determina- 
* tions of left ventricular ejection fraction obtained by 
-- multiple gated imaging. In addition, data obtained with 
5 this technique were compared with those derived from 

zi contrast left ventricular angiography and first pass ra- 
dionuclide angiocardiography using a computerized 
multierystal scintillation camera. 

Methods 

Case Material 


X ~ Patient selection: Eighty-three randomly selected patients 
referred for radionuclide assessment of left ventricular 


=. function were included in this study. Sixty patients had cor- 


onary artery disease, 4 mitral regurgitation, 2 mitral stenosis, 
2 aortic regurgitation, 4 aortic stenosis and 11 miscellaneous 
conditions. No patient had acute myocardial infarction or 
= unstable angina. At the time of study, all had normal sinus 
v ocrhythm.. A total of one hundred seventy-three individual 
: ^ multiple gated studies were obtained. Sixty-four patients had 
‘both multiple gated imaging and first pass radionuclide an- 





. " glocardiography, and 26 of these also underwent contrast 


angiography. Interstudy comparisons then were made. 
Intra- and interobserver variability: Intraobserver 

variability was determined in 156 randomly selected multiple 

gated studies processed twice by the same operator (F.W.). 


*: Analyses were separated by 5 to 21 days, and were performed 
| without knowledge of the original result. Interobserver vari- 


*. ability was determined independently in 38 multiple gated 
- studies that were processed again by a second observer (D.J.), 
who at that time had minimal experience with the tech- 
nique. 
Variability on the same day and on different days: In 
v 4. randomly selected patients, two multiple gated studies were 
— performed on 1 day, 1 to 2 hours apart. Between the two 
. . studies the patients were free to move about and thus had to 
be repositioned beneath the scintillation camera for the sec- 
ond study. In 29 randomly selected patients, multiple gated 
studies were performed on 2 different days, 1 to 5 days apart. 
All patients were in clinically stable condition within this time 
period. In both groups, all studies were reprocessed by a single 
observer (F.W.) to evaluate intraobserver variability; these 
data also are included in the overall analysis described ear- 
lier. 

Somparison of ejection fraction by multiple gated 
imaging and first pass radionuclide angiocardiography: 
In 64 randomly selected patients, left ventricular ejection 
— fraction was determined initially by first pass radionuclide 
^C angiocardiography and within 45 minutes by multiple gated 


^ ‘imaging. The first pass study was obtained with a bolus in- 


-jection of technetium-99m pertechnetate. This same bolus 
dose of technetium-99m then was used for in vivo red blood 
cell labeling in the subsequent gated study (see later). 

<. Comparison of ejection fraction by radionuclide 

“techniques and contrast angiography: In 26 patients within 
the study group, contrast angiography was performed within 
2 days of the radionuclide studies. All patients were in clini- 


= eally stable condition within this time period. 


- Data Analysis 


All data processing of individual studies was performed 
without knowledge of the other radionuclide, contrast angi- 
ographic and clinieal data. 


Radionuclide techniques: Multiple gated imaging: A 
mobile single crystal scintillation camera equipped with a high 
sensitivity parallel hole collimator (Picker Dynamo, North- 
ford, Connecticut) and a commercially available portable 
computer system( MUGA Cart, Medical Data Systems, Ann 
Arbor, Michigan) were used. For all studies, imaging was 
performed with the in vivo labeled red blood cell tech- 
nique. 11-13 This was accomplished, as previously described, 
by intravenous injection of 15 mg of cold stannous pyro- 
phosphate dissolved in 3 ml of normal saline solution followed 
15 to 30 minutes later by administration of 25 mCi of tech- 
netium-99m pertechnetate. The 20 percent energy window 
was peaked symmetrically around 140 kev. All multiple gated 
studies were acquired with the patient supine and the detector 
head in 45° left anterior oblique position and caudal tilt. Care 
was taken to adjust the position of the detector to separate 
clearly the right and left ventricles. Scintillation data were 
aecumulated in list mode and stored in histogram form (32 by 
32 word mode, interpolated to 64 by 64 word mode) in a 
computer core memory using the R wave of the electrocardi- 
ogram as the synchronizing impulse. The cardiac cycle was 
divided into 28 equal frames. For each frame, 150,000 to 
200,000 counts were accumulated in the whole field of view, 
resulting in 6,000 to 8,000 counts in the left ventricle at end- 
diastole. The average acquisition time for a gated study was 
approximately 6 minutes. 

Processing was perjormed using a commercially available 
computer program (Medical Data Systems, SUP8-MUGE) 
and required approximately 4 minutes. The 28 frames were 
displayed as an endless loop movie on the oscilloscope in order 
to determine visually the outline of the left ventricle. The left 
ventricular region of interest was determined by placing a 
rectangle outside the borders of the left ventricle in end- 
diastole. Edge detection of the left ventricular blood pool was 
obtained by determination of the second derivative of counts 
starting from the center of maximal activity within the region 
of interest. Data were not smoothed or averaged. The criteria 
for left ventricular edge detection were determined by the 
operator in the first (end-diastolic) frame. Care was taken that 
the edges of the region of interest agreed with the anatomic 
outline of the left ventricle as seen in the movie display. Any 
portion of the region that involved the aorta or left atrium was 
excluded. After setting of the criteria for edge detection in the 
first frame, a new regicn of interest was determined for each 
of the subsequent 27 frames. Using the semiautomated com- 
puter mode, the operator verified and corrected as necessary 
each frame. Background activity was determined automati- 
cally as a posterolateral 90? crescent five channels wide and 
separated from the end-systolic edge by five channels. The 
average counts per channel in the background region of in- 
terest was subtracted from each channel in the variable left 
ventricular region of interest. 

A background-corrected time-acitivity curve was displayed 
automatically with the computer value for left ventricular 
ejeciion fraction. If the curve approached that of an ideal 
ventricular volume curve, the study was considered adequate. 
If not, processing was repeated. Left ventricular ejection 
fraction is derived from the equation: end-diastolic counts 
minus end-systolic counts divided by end-diastolic counts, 
times 100. 

First pass radionuclide angiocardiography: In the patients 
who had both radionuclide studies, the first pass study was 
always performed before the multiple gated study. A com- 
puterized multierystal scintillation camera (Baird-Atomic 
System 77, Bedford, Massachusetts) was used for the first pass 
studies. This method previously has been standardized and. 
validated in this laboratory.!^!9 In brief, studies are per- 
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formed with the patient supine and the detector head of the 
camera in the anterior position. Twenty-five mCi of techne- 
tium-99m pertechnetate, used subsequently for in vivo la- 
beling of red blood cells, was injected rapidly as a bolus dose 
.. through an intravenous catheter in an antecubital vein. A high 
` frequency background-corrected radionuclide time-activity 
| 5. eurve was generated over a left ventricular region of interest, 
"c from which left ventricular ejection fraction was calculated. 
~The processing time by an experienced operator to obtain left 
ventricular ejection fraction from the first pass study averaged 

less than 10 minutes. 

Contrast angiography: Left ventricular volumes were 
determined from 30? right anterior oblique angiograms. Only 
those ventriculograms free of ectopy were considered tech- 
nically satisfactory. The end-diastolic and end-systolic frames, 
including papillary muscles and trabeculations, were traced. 
The coordinates of these outlines were digitized (Numonics 
Digitizer, Numonies Corp., Lansdale, Pennsylvania), and 
volumes were calculated by direct integration!? using a Varian 

$^ 6201 Minicomputer (Varian, Irvine, California). This method 

^. divides the left ventricle into.1 mm thick cylindrical slices, 
without correction for rotation or distortion. Total left ven- 
tricular volume is obtained by summing the volumes of each 
segment, and left ventricular ejection fraction is derived ac- 
cording to the conventional formula. 

Statistical analysis: Data are presented as the mean + 
standard deviation. A left ventricular ejection fraction of 55 
percent or more was considered normal. Variability was de- 
fined as the absolute difference between two determinations 
of left ventricular ejection fraction from the same data ac- 
quisition or from two separate studies. Variabilities among 
groups were compared with Student's t test. Data in indi- 
vidual patients were analyzed with the paired t test. The 
significance of differences in incidence was tested by the chi 
square test. A probability (P) value of «0.05 was considered 
significant. 








Results 
Intra- and interobserver variability (Fig. 1): The 
mean intraobserver variability of absolute ejection 
fraction determined from reprocessing 156 gated studies 
was 1.4 + 1.2 percent (range 0 to 5 percent). There was 
no difference in values for intraobserver variability in 
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FIGURE 1. Intra- (156 patients) and interobserver (38 patients) variability in determination of left ventricular ejection fraction (LVEF) with multipi 
‘gated imaging. Note the excellent correlation {r values) in both the norma? (ejection fraction 55 percent or more) and abnormal (ejecti on fraction z 
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the 78 patients with a normal ejection fraction and the _ 
78 with an abnormal ejection fraction (1.3 + 0.9 versus _ 
1.5 + 14 percent, respectively, P = not significant [NS]). 
The mean interobserver variability determined from _ 
reprocessing 38 gated studies was 1.6 + 1.5 percent _ 
(range of 0 to 6 percent). There was no difference in the _ 
interobserver variability values of patients with normal. 
and abnormal ejection fraction (1.9 + 1.3 versus 1.34 _ 
1.7 percent, respectively, P = NS). In addition, inter- _ 
and intraobserver variability values of absolute ejection _ 
fraction were not significantly different (Fig. 2). E 
Variability on the same day and on different days | 
(Fig. 3): The mean serial variability of absolute ejection 
fraction in repeat gated studies on the same day in 41 _ 
patients was 3.3 + 3.1 percent. Ejection fraction aver- 
aged 53.3 + 20.4 for the initial study and 53.8 + 19.9 
percent for the repeat study (P = NS). Initial and repeat _ 
determinations of ejection fraction had an excellent _ 
correlation (r = 0.97). The heart rates at the time of 
initial and repeat studies were not significantly different 
(73 + 15 versus 74 + 15 beats/min, P = NS). Ejection _ 
fraction ranged from 18 to 91 percent. Nineteen patients | 
had an abnormal and 22 had a normal ejection fraction — 
as determined with the initial gated study. The mean _ 
serial variability for normal patients was significantly _ 
larger than for abnormal patients (4.6 + 4.7 versus 2.0 — 
+ 1.6 percent, respectively, P «0.05) (Fig. 2). In addi 
tion, the mean serial variability for normal patients was. 
significantly larger than the intraobserver variability 
(P «0.01) in this group. = 
The mean serial variability of absolute ejection - 
fraction in repeat gated studies in the group of 29 pa- 
tients studied on different days was 4.3 + 3.1 percent. | 
Ejection fraction averaged 53.9 + 17.6 percent for the 
initial study and 53.3 + 16.9 percent for the repeat 
studies (P = NS). Initial and repeat values of ejection - 
fraction had an excellent correlation {r = 0.93). The 
heart rates at the times of initial and repeat studies were | 
not significantly different (71 + 17 versus 71 + I6- 
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SIGURE 2 Mean variability (Ay of left. ventricular ejection fraction 
(LVEF) assessed from multiple gated imaging by reprocessing the data 
: by the same (intraobserver) or different observers (interobserver) and 
by repeat studies on the same or different days. The mean variability 
of patients with an abnormal ejection fraction (less than-55 percent) 
"is compared with that in patients with a normal ejection fraction (55 
ercent or more). There is no significant difference in intra- and in- 
 terobserver variability in abnormal with normal patients. A significant 
difference exists between mean variability in ejection fraction on repeat 
: studies i in subjects with a normal or abnormal ejection fraction whether 
they were studied on the same or different days. Within each group (that 
_ is, normal or abnormal) there is no difference in mean variability in 
- ejection fraction whether studies were performed on the same or dit- 
oe days. n= number of patients; NS = not significant. 


beais/min; P = NS). Ejection fraction ranged from 18 
to 83 percent. Fourteen patients had an abnormal and 
_15 had a normal ejection fraction as determined in the 
. initial gated study. The mean serial variability of ab- 
... solute ejection fraction in those with a normal ejection 
__ fraction was significantly larger than in those with an 
-- abnormal value (6.4 + 3.7 versus 2.3 + 2.5 percent, re- 
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TABLE | i 


Variability of Left Ventricular Ejection Fraction Assessed 
With Repeat Multiple Gated teas on the Same Day in 41 
Patients 














LVEF: «5596 LVEF 255% 
Case Study Study AX “Case Study Study A 
no. 4 2 LVEF no, 1 2  LVEF 
1 22 21 1 20 70 69 1 
2 53: 58 5 21 75 84 9 
3 38 39 1 22 60 81 21 
4 50 52 2 23 66 71 5 
5 50 45 5 24 87 79 8 
6 50 48 2 25 68 83 5 
7 20 22 2 26 83 80 3 
8 32 30 2 27 69 72 3 
9 32 32 0 28 71 68 3 
10 34 35 1 29 78 78 0 
11 31 33 2 30 72 69 3 
12 49 53 4 31 65 68 3 
13 50 50 0 32 91 83 8 
14 50 50 0 33 73 70 3 
15 21 19 2 34 72 66 6 
16 18 23 5 35 60 58 2 
17 21 23 2 36 59 60 1 
18 22 21 1 37 65 63 2 
19 28 29 1 38 59 47 12 
39 57 55 ER: 
40 57 58 1 
41 70 69 1 





Mean Values 4: Standard Deviation 


35.3 . 35.9 2 68.8 69.2 4.6 
+128 129 416 X103 £86 +47 


LVEF = left ventricular ejection fraction (96k A 
change. 








= absolute 


spectively, P « .01) (Fig. 2). In addition, the mean serial 
variability for patients with a normal ejection fraction 
also was significantly larger than the intraobserver. 
variability (P <0.01). There was no significant differ- 
ence between the values for serial variability on the 
same day and on different days. The mean serial vari- 
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FIGURE 3... Variability of left ventricular ejection fraction (LVEF) by multiple gated imaging in the same patient on the same i41 patients) or different 


(29 patients) days. The correlations (r values) are less impressive in patients with a normal ejection fraction (55 percent or more). n 


patients. 


4182 


y= number of 
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TABLE lf 


Variability of Left Ventricular Ejection Fraction Assessed 
With Repeat Multiple Gated Imaging on Different Days in 39 
Patients 
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TABLE lll 


incidence of Various Degrees of Interstudy Variability in 
Absolute Left Ventricular Ejection Fraction Assessed With 
Repeat Multiple Gated Imaging in 70 Patients 








Case Study Study A Case Siudy Study A 
Doe 14d C 1 








no 2 LVEF no. 2 LVEF 
1 32 32 0 15 62 52 10 
2 50 51 1 16 88 69 1 
3 52 50 2 17 71 65 6 
4 36 46 10 18 83 78 5 
5 33 31 2 19 61 66 5 
6 50 47 3 20 78 86 8 
7 33 34 1 21 63 65 2 
8 49 50 1 22 76 64 12 
9 50 47 3 23 60 67 7 
10 29 30 1 24 59 55 4 
11 47 44 3 25 70 58 12 
12 21 22 1 26 72 78 6 
13 18 21 3 27 72 64 8 
14 32 30 2 28 59 70 11 
29 57 57 0 





Mean Values + Standard Deviation 


38.4 38.8 2.3 674 660 6.4 
+11.8 +10.8 +25 £79 i93 £437 


LVEF = left ventricular ejection fraction (%); A = absolute 
change. 








ability of all repeat studies, on either the same or dif- 
ferent days, was 3.9 + 3.1 percent for the overall group 
of 70 patients. The mean serial variability of absolute 
ejection fraction was 2.1 + 2.0 percent for the 33 with 
an abnormal ejection fraction and 5.4 + 4.4 percent for 
the 37 with a normal ejection fraction (P <0.01). 
Of the patients studied twice on the same day, two 
had an abnormal ejection fraction (47 and 53 percent, 
respectively) in one study and a normal ejection fraction 
_ (89 and 58 percent) in the other (Table I). Of the pa- 
*. tients studied on different days, one had a normal 
- .. ejection fraction (62 percent) in the initial study and an 
abnormal ejection fraction (52 percent) in the repeat 
_ Study (Table IT). 
< The cumulative incidence of various degrees of in- 
terstudy variability of absolute ejection fraction is 
shown in Table HI. At least 5 percent absolute vari- 
ability occurred in 23 of the 70 patients. This degree of 
variability was noted in 4 of the 33 patients (12 percent) 
with an abnormal ejection fraction and in 19 of the 37 
(51 percent) with a normal ejection fraction. The inci- 
dence of at least-5 percent absolute variability was sig- 
nificantly greater in patients with a normal than in those 
with an abnormal ejection fraction (P <0.01). Ten 
percent or more absolute variability occurred in seven 
patients, one (3 percent) with an abnormal ejection 
fraction and six (16 percent) with a normal ejection 
fraction. There was no difference in the incidence of at 
least 10 percent absolute variability (P = not signifi- 
cant). Thus, a minimal absolute change of 10 percent 
for normal patients and of 5 percent for abnormal pa- 
tients is not likely to be attributed to random physio- 
logic alterations. l 
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LVEF <55% LVEF 255% LVEF < 55% LVEF > 55% 
_ Cumulative _ Cumulative 


ALVEF no.of no.of 96$ ALVEF no.of no of 
(%) Pts Pts Pts (%) Pts Pts 





10 1 1 3% 21 1 1 
§ 3 4 12% 12 3 4 
4 1 5 15% 11 1 5 
3 4 9 27% 10 1 6 
2 10 19 58% 9 1 7 
1 10 29 88% 8 4 11 
9 4 33 100% 7 1 12 

6 3 18 
5 4 18 
4 1 20 
3 6 26 
2 4 30 
1 5 35 
0 2 37 








LVEF = left ventricular ejection fraction; Pts = patients; A = ab- a 
solute change. : 


Comparison of ejection fraction assessed with P 
multiple gated imaging and first pass angiocardi- 
ography (Fig. 4): In the 64 patients studied with these _ 
procedures, ejection fraction averaged 52.5 + 17.5 per- ; 
cent on gated imaging and 50.2 + 18.7 percent on first — 
pass study (P <0.01). Ejection fractions determined _ 
with these two radionuclide techniques had an excellent t 
correlation (r = 0.94) over the entire range of ejection _ 
fractions (18 to 91 percent). In the 30 patients withan 
abnormal ejection fraction on first pass study the values __ 
obtained with gated studies were consistently higher : 
than the values obtained with first pass angiocardi- 
ography (37.3 + 11.6 versus 33.1 + 11 percent, respec- = 
tively, P «0.01). However, in the 34 patients with a 
normal ejection fraction, there was no difference be- 
tween values obtained with the gated and first pass 
studies (65.9 + 8.4 versus 65.3 + 7.9 percent, respec- 
tively, P = not significant). T 

Comparison of ejection fraction assessed with 
radionuclide techniques and contrast angiocardi- _ 
ography (Fig. 5): There was a good correlation between — 
ejection fraction derived from contrast angiocardi- _ 
ography and from either multiple gated studies (r — 
0.84)or first pass angiocardiography (r = 0.89). In 26. : 
patients studied with the three techniques the mean _ : 
ejection fraction was 57.9 + 15.9 percent on gated 
imaging, 56.3 + 17.0 percent on first pass angiocardi- 
ography and 59.0 + 16.9 percent on contrast angiogra- 
phy. There was no significant difference among these 
three mean values. Of the 26 patients included in this... 
part of the study, 9 had on abnormal ejection fraction — 
as determined with contrast angiocardiography. One - 
patient with an abnormal ejection fraction (49 percent) 
on contrast angiocardiography had a normal ejection 
fraction (57 percent) on gated study. Among the pa- 
tients with an abnormal ejection fraction there was no 
disagreement between first pass and contrast angio- 
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< FIGURE 4... Correlation between left ventricular ejection fraction (LVEF) 

“| assessed with multiple gated blood pool imaging and first pass radio- 

- nuclide angiocardiography in 64 patients. The correlation {r value) is 
* c notas good in patients witha normal ejection fraction (55 percent or 

^; more n * number of patients. 


.- cardiographic findings. Two patients with a normal 
ejection fraction (both 55 percent) on contrast angio- 
-— cardiography had an abnormal ejection fraction in the 
- . gated studies (both 40 percent) and on first pass (47 and 
_ 40 percent, respectively). There was no significant dif- 
< ference among the mean values for ejection fraction of 
"those with either an abnormal or a normal ejection 
`: fraction determined with the two radionuclide tech- 
* mniques and contrast angiography. 


Discussion 


- Our study demonstrates that left ventricular ejection 
fraction determined with multiple gated blood pool 
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imaging is a highly accurate and reproducible index of 
left ventricular performance that correlates with mea- 
surements made with left ventricular contrast angiog- 
raphy. In addition, measurements of left ventricular 
ejection fraction using multiple gated imaging and 
first-pass radionuclide angiocardiography also correlate 
closely. In both techniques, ejection fraction is calcu- 
lated from chariges in radioactivity that are assumed to 
be proportional to changes in ventricular volume. Thus 
the determination of left ventricular ejection fraction 
is free of the geometrical assumptions inherent in con- 
ventional volume calculations using contrast angio- 
eardiography. Reproducible sequential studies can be 
performed with both radionuclide techniques. However, 
multiple gated imaging allows repeated measurements 
of ejection fraction over several hours from a single ra- 
dioisotope injection. Data processing of indiviudal 
studies is comparable for the two techniques, but data 
acquisition is markedly shorter for first pass studies. 
Difference in variability between patients with 
a normal and abnormal ejection fraction: This study 
also demonstrates that the intrinsic variability of ab- 
solute ejection fraetion in serial measurements of left 
ventricular ejection fraction appears to be related to the 
baseline level of ventricular function. Absolute vari- 
ability is significantly greater in patients with a normal 
than in those with an abnormal ejection fraction. This- 
differential variability is not due to errors in data pro- 
cessing, because intra- and interobserver variabilities 
are minimal and not different in patients with normal 
and abnormal ejection fractions. In addition, although 
technical factors, such as defining background zones and 
regions of interest, have been shown to affect normal 
more than abnormal ejection fractions,!? such errors- 
would be systematic and should not necessarily affect 
interstudy variability. jon 
The difference in variability between patients with 
a normal and abnormal ejection fraction may be a re- 
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“FIGURE 5. Correlation between lett ventricular ejection fraction (L VEF) assessed with multiple gated blood pool imaging (left) and first pass rar 
dionuclide angiocardiography (right) with ejection fraction determined with left ventricular contrast angiography in 26 patients. 
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flection of a pathophysiologic phenomenon. In patients 
with normal left ventricular performance there is 
greater ventricular reserve and hence a greater chance 
of responding to a variety of stimuli with augmentation 
of cardiac pump function. In patients with abnormal 
basal ventricular performance such as those with an 


c -ejection fraction of 20 to 30 percent, the ventricle is 


: “presumably already working at close to maximal effort 


x 
é 





and will therefore have less tendency to manifest com- 
parable spontaneous fluctuations in a ventricular pump 
performance index such as ejection fraction. If the data 
are analyzed in terms of relative percent changes rather 
than absolute changes (for example, a change in ejection 
fraction from 50 to 45 percent would represent a relative 
change of 10 percent and an absolute change of 5 per- 
cent), then there is no significant difference between 
patients with a normal and an abnormal ejection frac- 
tion (8.0 + 7.2 versus 6.6 + 6.3 percent, respectively). 
Thus, although variability of ejection fraction in abso- 
lute numbers is greater in patients with a normal ejec- 
tion fraction, the variability in relative terms is com- 
parable between the two groups. 

The absolute variability of serial measurements of 


_ ejection fraction determined with the first pass radio- 
“nuclide technique used in this study was recently re- 


ported from this laboratory.? Although the overall 
variability was 4.4 + 3.6 percent, a value comparable 
with that of multiple gated imaging, there was no dif- 
ference between data in the normal and abnormal 
groups. The reason for this difference between the two 
radionuclide techniques is not clear, but it may reflect 
patient selection or methodologic differences. 
Variability of repeat measurements by multiple 
gated imaging: Previous studies®-§ demonstrated that 
left ventricular ejection fraction can be determined 
accurately from multiple gated imaging, with acceptable 
levels of inter- and intraobserver variability. These 
findings were confirmed in our present study. However, 
limited data are available on the variability of repeat 
measurements of ejection fraction obtained with mul- 
tiple gated imaging. Maddahi et al.!? noted in prelimi- 


VARIABILITY OF RADIONUCLIDE EJECTION FRACTION-—WACKERS ET Al 






nary reports a mean variability of 5.7 + 4.8 percent for 


two determinations of ejection fraction separated by 30 
minutes. Folland et al.” described unpublished data  . 


demonstrating that 95 percent of repeat measurements __ 
separated by 30 minutes differed by less than 6 percent. 
Neither group commented on differences between pa- 
tients with a normal and an abnormal ejection fraction 
and neither studied patients on two separate days. 
Our data demonstrated that interstudy variability 
was indistinguishable whether the studies were per- __ 
formed on the same or on different days. When the 
studies were performed on the same day, the patients’ 
activity was not restricted between studies. In each case 
the patient and camera had to be completely reposi- 
tioned. This condition closely approximates the situa- 
tion encountered when an ambulatory patient ora 
hospitalized patient in the coronary care unit is studied - | 
sequentially on the same day. P 
Clinical implications: Establishment of the intrinsic — 





variability of serial measurements of left ventricular __ 
ejection fraction obtained using multiple gated imaging _ 
has relevant clinical and investigative implications. 
Because at least 5 percent absolute variability occurred ve 
in only 12 percent of patients with an abnormal ejection _ - 
fraction but in 51 percent of those with a normal ejection _ 


fraction, it is clear that different levels of confidence 
need to be considered in patients with normal and ab- 
normal baseline ventricular performance. The data 
demonstrate that an absolute change of 5 percent in 


ejection fraction is more likely to represent a nonran- __ 


dom rather than a random difference in a patient with 
an abnormal ejection fraction as opposed to one witha. 
normal ejection fraction. In practical terms, we selected 


absolute changes of at least 10 percent in patients with 


a normal ejection fraction and of at least 5 percent in 
patients with an abnormal ejection fraction as limits for 


assessing significant serial alterations in left ventricular ^ . 
ejection fraction in individual patients. Smaller changes 


may be significant in immoblized patients. In addition, 
consistent trends of smaller magnitude in large groups 
of patients also may prove significant. 


References 


1. Strauss HW, Zaret BL, Hurley PJ, Natarajan TK, Pitt B: A scinti- 
photographic method for measuring left ventricular ejection fraction 
in man without cardiac catheterization. Am J Cardiol 28:575-580, 
1971 

2. Alpert NM, McKusick KA, Pohost GM, Dinsmore RE, Potsaid MS: 
Noninvasive nuclear kinecardiography. J Nucl Med 15:1182-1184, 
1974 j 

3. Green MV, Ostrow HG, Douglas MA, Myers RW, Scott RN, Bailey 
JJ, Johnston GS: High temporal resolution ECG-gated scintigraphic 
angiocardiography. J Nucl Med 16:95-98, 1975 

4. Bacharach SL, Green MV, Borer JS, Douglas MA, Ostrow HG, 
Johnston GS: A real-time system for multi-image gated cardiac 
studies. J Nucl Med 18:79-84, 1977 

5. Borer JS, Bacharach SL, Green MV, Kent KM, Epstein SE, 
Johnston GS: Real-time radionuclide cineangiography in the 
noninvasive evaluation of global and regional left ventricular 
function at rest and during exercise in patients with coronary-artery 
disease. N Engl J Med 296:839-844, 1977 

6. ‘Burow RD, Strauss HW, Singleton R, Pond M, Rehn T, Baily IK, 


Griffith LC, Nickoloff E, Pitt B: Analysis of left ventricular function 
from multiple gated acquisition cardiac blood pool imaging. Cir- 
culation 56:1024—1028, 1977 

7. Folland ED, Hamilton GW, Larson SM, Kennedy JW; Williams DL, 
Ritchie JL: The radionuclide ejection fraction: a comparison of 
three radionuclide techniques with contrast angiography. J Nuci 
Med 18: 1159-1166, 1977 

8. Green MV, Brody WR, Douglas MA, Borer JS, Ostrow HG, Line 
BR, Bacharach SL, Johnston GS: Ejection fraction by count rate 
from gated images. J Nucl Med 19: 880-883, 1978 : 

9. Ashburn WL, Schelbert HR, Verba JW: Left ventricular ejection. 
fraction: a review of several radionuclide angiographic approaches 
using the scintillation camera. Prog Cardiovasc Dis 20:267-284, 
1978 

10. Maddahi J, Berman D, Silverberg R, Charuzi Y, Buchbinder N,- 

Gray R, Waxman A, Bas R, Shah PK, Swan HJC, Forrester d: 
Validation of a two minute technique for multiple gated scintigra- - 
phic assessment of left ventricular ejection fraction and regional 
wall motion (abstr). J Nucl Med 19:669, 1978 


June 1979 The American Journal of CARDIOLOGY Volume 43 2 : 1 165. 











CHRISTIAN R. BROHET, MD, MS 
HAROLD G. RICHMAN, MD, FACC 


Minneapolis, Minnesota 


From the Department of Internal Medicine and 
Division.of Health Computer Sciences, University 
of Minnesota Medical School, and Medical Ser- 
vice, Cardiovascular Section; Veterans Admin- 
istration Hospital, Minneapolis, Minnesota. Man- 
uscript received October 19, 1978; revised 
manuscript received January 12, 1979, accepted 


"January 17, 1979. 


Address for reprints: Christian R. Brohet, MD, 


: = Gardio-Pulmonary Laboratory, Cliniques Uni- 





»versitaires Saint-Luc, Avenue Hippocrate, 10, 
-B-1200, Brussels, Belgium. 





k Clinical Evaluation of Automated Processing of Electrocardiograms _ E 


"By the Veterans Administration Program (AVA 3.4) 





Automated processing of electrocardiograms by the Veterans Adminis- 5 
tration program was evaluated for both agreement with physician inter- 
pretation and interpretative accuracy as assessed with nonelectrocar- - : 
diographic criteria. One thousand unselected electrocardiograms were 
analyzed by two reviewer groups, one familiar and the other unfamiliar t 
with the computer program. A significant number of measurement errors 
involving repolarization changes and left axis deviation occurred; however, _ 
interpretative disagreements related to statistical decision were largely _ 
language-related. Use of a printout with a more traditional format resulted 
in agreement with physician interpretation by both reviewer groups in more 
than 80 percent of cases. Overail sensitivity based on agreement with 
nonelectrocardiographic criteria was significantly greater with use of the _ 
computer program than with use of the conventional criteria utilized by _ 
the.reviewers. This difference was particularly evident in the subgroup __ 
analysis of myocardial infarction and left ventricular hypertrophy. The | E 
degree of overdiagnosis of left ventricular hypertrophy and posteroinferior _ 
infarction was initially unacceptable, but this difficulty was corrected by . 
adjustment of probabilities. Clinical acceptability of the Veterans Ad- d 
ministration program appears to require greater physician education than a 
that needed for other computer programs of electrocardiographic analysis; __ 
the flexibility of interpretation by statistical decision offers the potential 
for better diagnostic accuracy. ee 











Most programs available for automated processing of electrocardiograms _ 
utilize an analytic approach that attempts to simulate the conventional 
interpretative technique of the physician.'-5 Evaluation of these pro- 
grams has primarily emphasized agreement with physician interpreta- 
tion because the performance of a clinically acceptable system should. 
be comparable with that of the physician.? However, the benefit of this ee 
approach to automated electrocardiographic analysis is mainly that of — 
improvement in physician time efficiency because the accuracy in in- _ 
terpretation remains no better than that available with use of convens __ 
tional criteria. The limited diagnostic accuracy of conventional elec- . 
trocardiographic criteria is well recognized, !? and to achieve significant | 
improvement may require a different approach to analysis of electro- 
cardiographic information. One such approach is that of Pipberger and 
associates,!!.!? whose computer system classifies electrocardiograms | 
diagnostically on the basis of statistical decision-making. Because this 
system uses an interpretative method unrelated to the traditional ap- 
proach, an objective evaluation of its accuracy must be based on a ref- 
erence standard other than that of conventional electrocardiographic 
criteria. Recently Pipberger et al.!? reported the results of a study o 
diagnostic accuracy and noted a significant improvement over accuracy 
achieved with conventional analysis. Inherent in this improvement, 
however, is the potential for increased disagreement between physician 
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EVALUATION OF AUTOMATED ELECTROCARDIOGRAPHIC PROCESSING—BROHET AND RICHMAN - 


and computer diagnosis which if too great may affect 
physician acceptability of automated analysis. In this 
report we evaluate the Veterans Administration pro- 
gram in an independent clinical setting and consider the 
problems encountered in its clinical applicability. 


Methods 


Computer program: The Veterans Administration pro- 
gram (version AVA 3.4), previously implemented on a CDC 
3300 computer at the Minneapolis Veterans Administration 
Hospital, has been in operation since December 1973. Details 
of its development, structure and mode of operation have been 
described.'*-'© Briefly, after determinatien of rhythm, an 

"initial heuristic approach directs the analysis to four diag- 
nostic groups. Within each of these groups an unknown record 


* tis classified among several diagnostic categories by means of 


«a likelihood ratio test using Bayesian approach developed by 
Cornfield.!? Table I shows the various diagnostic categories 
considered in the classification process. Estimated "prior 
. probabilities” are inserted in the algorithm and represent the 
-: prevalence of various electrocardiographic categories in the 
different clinical groups of the population studied.* Each 
condition reported by the program after the electrocardio- 


"graphic analysis is then accompanied by a relative posterior 


‘probability value. 

--. Electrocardiograms to be processed by the computer pro- 
*gram were recorded on a Hewlett-Packard electrocardio- 
graphic cart, model 1516A. Although both the standard 12 
* lead and XYZ lead recordings were obtained as a paper trac- 
ing, only the XYZ leads were recorded on magnetic tape. Pa- 
tient identification and prior probability codes were entered 
immediately before XYZ lead recording by the technician 
from the information available in the patient's clinical record. 
'The numerical values utilized in this study for the prior 
probability codes were those developed at the Veterans Ad- 

ministration Hospital in Washington, D.C. 
Evaluation procedure: A total of 1,000 successive elec- 
trocardiograms obtained from an unselected group of ambu- 
‘latory inpatients at the Minneapolis Veterans Administration 
-Hospital were evaluated for two factors: (1) physician/com- 
puter agreement, and (2) physician versus computer diag- 
nostic accuracy as judged by agreement with independent 
nonelectrocardiographic clinical data. For evaluation of 
physician/computer agreement, a two-step procedure was 
utilized. In step 1, six staff physicians involved in daily elec- 
: trocardiographic reading reviewed the standard 12 lead 
tracing using criteria with which they were most familiar and 
recorded an : aterpretation before comparing their conclusions 
; with those of the computer printout. In step 2, the same 
method of analysis was utilized by two staff cardiologists who 
— were familiar with the Veterans Administration program and 


C the Frank lead electrocardiogram. These physicians utilized 


^. criteria encompassed by the Minnesota code?! for analyzing 
the standard 12 leads and also utilized the XYZ orthogonal 
-lead tracing in arriving at their final interpretation. Initially, 
physicians in the step 1 study had difficulty in accepting the 
standard program printout, apparently because of lack of 





* These prior probabilities are in essence a weighting factor based 
on the previous experience of making any given diagnosis in a particular 
population. Although the use of the Bayesian approach in medicai di- 
agnosis is much debated, the significant improvement in electrocar- 
diographic diagnostic accuracy-of the Veterans Administration program 
depends on the proper use of these prior probabilities, as noted by 
Pipberger et ai. '* 
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TABLE | . 


Diagnostic Categories Reported by the Veterans 
Administration Program 


Main QRS Analysis 

. Normal 

. Left ventricular hypertrophy 

Right ventricular hypertrophy 

. Biventricular hypertrophy 

Anterior wall myocardial infarction 

. Lateral wall myocardial infarction 

. Posteroinferior wall myocardial infarction 
. Chronic pulmonary disease 


Conduction Defects 


1. Left ventricular conduction defect 

2. Left ventricular conduction defect with myocardial infarction 
3. Right vehtricular conduction defect. 

4. Right ventricular conduction defect with myocardial infarction 


P Wave Analysis 


1. Normal 
2. Left atrial overload 
3. Right atrial overload 


ST-T Wave Analysis 


. Nonspecific ST-T changes 

. Left ventricular strain or digitalis effect, or both 
Right ventricular strain or digitalis effect, or both 
. Anterior wall injury 

. Posterior wall injury 

. Lateral wall injury 

. inferior wall injury 

T wave abnormality in lead X, YorZ 
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familiarity with XYZ lead measurements and criteria. The 
concept of probability interpretation also presented some 
difficulty when more than one principal abnormality was in 
question. Rather than attempt an in-depth evaluation of the 
problems associated with the format of the standard printout, 
we developed an additional printout that was more traditional 
in character (Fig. 1). 

To analyze diagnostic accuracy using data independent 
frem the electrocardiogram, we selected 507 tracings in which 
we thought the clinical diagnosis could be reliably related to 
the disease code categories in the Veterans Administration 
program. These clinical data were gathered from the patients’ 
history, laboratory findings, X-ray film and angiographic 
studies and direct visualization of cardiac lesions at operation. 
The criteria for defining the various clinical disease code 
categories are noted in Table IT. Because most of the patients 
were categorized as having either myocardial infarction, left 
ventricular hypertrophy, pulmonary disease or no cardio- 
vascular disease, subgroup assessment was undertaken only 
for these categories. Ir this part of the study no attempt was 
made to analvze the myocardial infarction data in terms of 
localization of the lesion. Accuracy score data for the computer 
program and for the physician reviewer were based or the 
following (Fig. 2): For the computer program a printout 
probability value of 30: percent or greater for any primary di- 
agnosis was considered significant. For the physician a written 
acknowledgment that a given abnormality was present or not 
was noted as well asa statement as to whether the diagnosis 
was possible, probable or definite. 

The degree of agreement between the two methods of in- 
terpretation was assessed as (1) complete agreement, that 
is, the same diagnosis; (2) minor disagreement, which allowed 
for a difference in minor rhythm disturbance such as occa- 
sional premature ventricular or supraventricular complexes 
or minor ST-T wave discrepancies, or a difference of no more 
than one probability category of the primary diagnosis; and 
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TABLE Il 


Clinical Criteria for Determination of Diagnostic Accuracy 
(507 patients) 


Left ventricular hypertrophy (no. = 109) 
Hypertension, 2 year history of blood pressure averaging 170/110 
mm Hg or greater, and presence of S, 
Valve disease 
-Aortic stenosis: valve area «0.8 cm? 
Mitral insufficiency: 3+ regurgitation and/or S4 or increased left 
: = atrial size 
^ Myocardial infarction (no. = 94) 
Characteristic clinical history and enzyme abnormality and/or an- 
giographic evidence of marked segmental hypokinesis or akin- 
esis 
Right ventricular hypertrophy (no. = 9) 
Mean pulmonary arterial pressure >40 mm Hg 
Chronic pulmonary disease (no. = 31) 
FEV, <65 percent and PO; <70 mm Hg 
Left ventricular hypertrophy + myocardial infarction (no. = 15) 
No cardiovascular disease (no. — 252) 








FEV, = forced expiratory volume in 1 second. 


(3) major disagreement, which included all other differences. 
This method (Fig. 2) also allowed for the evaluation of cases 
with multiple abnormalities. 


Results 
Physician/Computer Agreement 


The overall level of agreement is shown in Table III. 
Complete agreement of the physician and the computer 


in 01623095 DATE 11/66/74 
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FIGURE 1. Modified printout for the Veterans Administration program 
as used at the Minneapolis Veterans Administration Hospital. Orthogonal 
XYZ lead measurements are omitted and the general format has been 
rearranged. For this particular example, APC + S = atrial premature 
complexes and LAO = left atrial overload. The numbers beside the 
diagnostic statements represent the probability values for these diag- 
noses. 
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TABLE ill 


Veterans Administration Program (version 3.4): Physician/- 
Computer Agreement (no. — 1,000 cases) 











Degree of 

Agreement Step 1 Step 2 
Complete 58% 63% 
Acceptable interpretation* 82% 84% 





* Complete agreement + minor disagreement. 


on interpretation of the tracing occurred in 58 percent _ : 
of cases at the general reviewer level (step 1) and in63 
percent of cases when the reviewers were more familiar 
with the computer program (step 2). At least half ofthe 
disagreements were minor, allowing for an acceptable 
interpretation in 82 and 84 percent, respectively, of — 
tracings read in steps 1 and 2. Many minor disagree- | 
ments, particularly on repolarization abnormalities, 
occurred because many fewer diagnostic categories are | 
used in the Veterans Administration program than in 
conventional interpretation. cad 
Assessment of physician agreement for individ- - 
ual diagnostic categories: This assessment was un- 
dertaken utilizing only the interpretative impression —__ 
of the step 2 reviewers who analyzed the XYZ lead 
records in addition to the 12 lead data. Of the total 
number of tracings reviewed, 38 percent had someab- — 
normality that did not involve probability analysis. For. 
these categories listed in Table IV, complete agreement D 
was present in 67 percent. Failure to note marked left 
axis deviation as well as nonspecific repolarization ab- 
normalities accounted for the majority of the dis- 
agreements. (In more recent versions of the program, __ 
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FIGURE 2. Algorithm for conversion of probability values to equivalent 
English language statements. Multiple probabilities are required to share - 
the total of 100 percent; P, — P; represents the percent difference 

between the largest probability and any other value. i 





x 



























CTBOCARDIOGRAPHIC- PROCESSING—BROHET. AND: RICHMAN - 





EVALUATION OF AUTOMATED ELE 


"AudoupiedÁAu aejnoujuoA yə jou soDueuo eAGM 17 is ao 


UOREIAOp Sixe yaj se pauyap JS Moro: auy uou , AudoadadÁu aegrotus Yor, SE uiejDo4d eur Aq peugsp soseo zi eJo« Suey) "apduixo 40-4 Xa eu uOHEOHISSPIOSIUI ay U aay ~ 


peonpoaui ave ‘Ay ajqe, ut peuonueur Apeeaje 'uonei^op sixe oiBopoured Jo enuuiAuue "Aeuuouge eAEM | [-S apog 2ejnoruenonge Jo sesouDeip jueaiiuDrs. Heud, 

: "AudoudpiedAu JejnoLgueA = PA LAdqdoaqiedAq aemnopaueA Bp HAY 398jep uononpuoo aepnoupueA 
WÊN = GAY 'uonoaejur jerpaesoKur J00901049]S0d = [Wid *euuesAudue Areuouiind = 34 uonoaejur perpsesoAud = TN *KudoapiedAu jepoujusA 39] m HAT 199]9p uononpuoo 
JejnouuoA YA] = GHAT u00o18jur jeipieoo/Au! [E4918] = TW tAudoauedAq EMSA = HAS 'uonoaejur jelpiesoAu JOLejUug = wy aae ureiBoid-ueotsÁud e aana 


om IWR QOAH. 


[es 
GEN UN 8 GOAT 


ae 


acogunrdts 





PE 


WLOL I. jum. 


NVIOISAHd 
1N3W33HOVHU31NI WVHOoOUd-—NVIOISAHd 










une 1979 The American Journal of CARDIOLOGY Volume 43 — 


- 1170 


| EVALUATION OF AUTOMATED ELECTROCARDIOGRAPHIC PROCESSING—-BROHET AND RICH 


. 


TABLE IV 


Significant Program Measurement and Rhythm Errors 
Based on Physician Interpretation 

















Abnor- Abnor- Abnor- 
mality mality mality 
EN Present Missed ^ Overcalled 
S ST-T abnormality 157 52` 12 
TAN block 
< First degree 56 2 1 
Second degree 2 1 u 
Pathologic teft axis 
deviation (>—30°} 45 29 
Pathologic right axis 
deviation (>+110°) 14 1 — 
A-V junctional rhythm 2 Si 14 
Atrial fibrillation ` 30 : 2 4 
Premature ventricular 21 4 
complexes . 
Premature supraventricular 35 1 
complexes 
z idioventricular rhythm 3 1 Sis 
a> Total 365 107 17 





A-V = atrioventricular. 


the algorithms for detecting these abnormalities, the left 
axis deviation and nonspecific ST-T changes have been 
updated and give better results.) 

‘Figure 3 shows the distribution of agreement and 
disagreement on the electrocardiograms whose primary 
diagnosis mainly involved probability analysis. Four 
hundred twenty-two of these electrocardiograms were 
considered normal by the physician. In 377 of these 
“normal” tracings the same interpretation was made by 
the computer program (agreement rate 91 percent). 
Among the 45 tracings in which the interpretations 
differed, differences in diagnosed left ventricular hy- 
pertrophy (16 tracings) and posteroinferior infarction 
(8 tracings) accounted for most of the disagreement. 
Five hundred seventy-eight electrocardiograms were 
‘considered abnormal by the physician reviewers, the 
«computer agreeing on 349 (61 percent). The program 
- category noted for each tracing was considered to rep- 
resent its primary diagnosis. Most tracings with an ab- 
‘normal QRS configuration had a primary diagnosis of 
| "either left ventricular hypertrophy or myocardial in- 
= farction, or both. The rate of agreement was relatively 
high for the diagnosis of myocardial infarction but was 
considerably lower for left ventricular hypertrophy. A 
wide range in the degree of agreement was observed 
among the various diagnostic categories, suggesting 
considerable potential for improvement in accuracy. 


ciuem 
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TABLE V 


Determination of Accuracy by Nonelectrocardiographic 
Criteria 














Physician Program Agree- 
S R S R ment* 
Left ventricular hypertrophy 
(no. = 109) 43% 69% 69% 78% 51% 
Myocardial infarction 
(no. = 94) 56% 69% 76% 79% 6095 
Chronic pulmonary disease 
(no. = 31) 23% 60% 45% 65% 26% 
No cardiovascular disease 
(no. = 252) 8690 ... 7996 ... 7996 
Total 
(no. = 507) 65% ... 73% ... 66% 





* Agreement represents the mutual agreement of both physician © 
and program with the true clinical diagnosis established from inde- 
pendent criteria. 

R = reliability = (sensitivity + specificity/2: S = sensitivity. 


Physician Versus Computer Diagnostic Accuracy 


For an assessment of diagnostic accuracy, we selected _ 
507 of the computer-processed tracings in which the - 
diagnosis could be reliably established from clinical data 
in accordance with the criteria listed in Table II. Be- 
cause the majority of the patients with cardiovascular. - 
disease had clinical conditions that would result in ei- 
ther left ventricular hypertrophy, myocardial infarction 
or chronic pulmonary disease, the determination of. 
accuracy for categories of abnormality was limited to. 
these groups (Table V). False positive diagnoses for any | . 
of these categories were obtained from the group noted 
to have no cardiovascular disease. The overall diagnostic 
accuracy rate of the computer program was 73 percent, 
a rate significantly higher than 65 percent rate achieved — 
by the step 2 reviewers utilizing conventional criteria; 
A significant improvement in accuracy by the computer 
program was observed for both left ventricular hyper- = 
trophy and myocardial infarction. In these categories ^ 
the mutual agreement of the program's diagnosis and 
the physician's diagnosis with the clinical reference was 
relatively low, reflecting the independence of each in- 
terpretative approach. Results of both sensitivity and 
reliability for chronic pulmonary disease were quite low 
for both the program and the physician. Although the 
sensitivity was higher for the program it is difficult to 
evaluate these results in view of the small sample 
available for analysis. 

In the category of no cardiovascular disease the 
physician reviewers made significantly fewer interpre- 
tative errors than did the computer program. Fifty- .. 

















TABLE Vi 
| , Effect of Adjustment of Probability Value of Diagnostic Reliability 
Initial Prior Adjusted Prior Initial later Adjusted Later ooo 
8 R $ R $ R 8 a. 
Left ventricular hypertrophy 69% 78% 73% 82% 69% 78% 67% S95 
., Myocardial infarction 7696 7996 e seat 76% 79% 66% 28095 





R = reliability = (sensitivity + specificity)/2: S = sensitivity. 
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- TABLE VII 








Comparative Accuracy of Atrial Analysis 
Fhysician Program 
S R S R 
Left atrial overload 
(no. = 6C i 1796 56% 38% 62% 
Right atrial overload 
(no. = 12) 17% 52% 50% 54% 





R = reliability = (sensitivity + specificity)/2; S = sensitivity. 


three tracings in this category were erroneously inter- 
preted as abnormal by the program, including 36 trac- 
_.. ings with an incorrect diagnosis of either left ventricular 
— «hypertrophy (no. = 18) or posteroinferior myocardial 


-infarction (no. = 18). Because these two cages Dad 


the greatest number of misdiagnoses we attempted to 
increase their recognition by adjusting the prior prob- 


ability values (Table VI). Review of our own hospital 
- . electrocardiographic experience indicated that 0.42 was 


a more appropriate prior probability value for left 

= ventricular hypertrophy in the presence of hypertension 
- c than the 0.54 value utilized by the Washington, D.C. 
^ Meterans Administration Hospital. However, we found 
no significant difference for myocardial infarction in the 
-presence of coronary artery disease (0.53). We also de- 


* C cided to determine the extent to which utilization of a 


- higher level of later probability would affect reliability, 
and accordingly the threshold value was increased from 
30 to 45 percent. 

These results are noted in Table VI: The adjustment 
of prior probabilities increased both sensitivity and 


: specificity for left ventricular hypertrophy. However, 
: after modification of the later probability level, there 
-+ was no change in diagnostic performance for left ven- 


tricular hypertrophy; for myocardial infarction, there 
was 1 percent increase in reliability arising from a 


i - greater specificity but at the expense of a 10 percent 


decrease of sensitivity. 

The recognition of atrial abnormality is also based 
— on probability analysis in the Veterans Administration 
- program. Because this aspect of the program underwent 
several modifications during the course of the study we 


—- chose to evaluate only the accuracy of the most recent 


revision. Of the original 507 tracings selected for accu- 
racy analvsis, 175 were in this category. The interpre- 


<- tation of left atrial overload was assumed if severe hy- 


“pertension, myocardial infarction, congestive heart 
i failure or significant aortic valve disease was present. 
"The presence of severe chronic lung disease was con- 
sidered a basis for right atrial overload. On the basis of 
these criteria 60 tracings were considered to have left 


atrial overload, 12 to have right atrial overload and 103 


to have evidence for atrial disease (Table VII). 
Discussion 
Recently, Bailey et a1.1??9 designed an interesting 


method cf testing the reproducibility of computer 
programs for electrocardiographic interpretation. The 
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Veterans Administration program (AVA 3.4) has shown 
excellent results in this regard, but its clinical accept- 
ability and diagnostic accuracy have not been assessed 
in an independent clinical setting. 

In general, evaluations of the diagnostic performances 
of computer programs for electrocardiographic inter- 
pretation have utilized physician agreement as an index 
of accuracy.?292! The degree of similarity between the 
criteria utilized by the reviewers and those of the com- 
puter program,?? has had a major effect on most studies. 
When these are different, considerable disagreement 
in interpretation can be expected. Much of the dis- 
agreement seems to be related to the lack of standard- 
ization of electrocardiographic criteria, which may be 
a major obstacle to obtaining a consensus in assessment 
of any given program of electrocardiographic analysis.?? 
'The assessment of a computer program must also take 
into consideration other factors that may affect observer 
variation.?* Most evaluations have used only experi- 
enced cardiologists as reviewers; however, we attempted 
to address in addition the program of general user ac- 
ceptability. 

'The use of statistical decision-making in electrocar- 
diographic analysis is a departure from that technique 
of most commonly used computer programs. Although 
the statistical method has the advantage of avoiding the 
constraints of deterministic algorithms, there is a psy- 
chologic disadvantage of not utilizing the traditional 
electrocardiographic interpretative language familiar 
to the physician. In the case of the Veterans Adminis- 
tration program, this problem of acceptance could be 
effectively resolved by the relatively simple expediency 
of changing the language format of the interpretation 
printout. Subsequently the primary complaint was re- 
lated to constraint on the number of diagnostic cate- 
gories, some of which was related to the well recognized 
redundancy of language in traditional electrocardio- 
graphic interpretation. From the standpoint of recog- 
nizing the major diagnostic abnormalities the degree of 
agreement was not significantly different from that of 
other commonly used programs that rely on traditional 
criteria. 

Standards for diagnostic accuracy: Although a 
high level of agreement with physician interpretation 
facilitates physician acceptance, it does not necessarily 
assure a high degree of diagnostic accuracy. Most clin- 
ical electrocardiographic criteria commonly utilized 
have had limited validation, particularly in varied 
population settings. This has been borne out by obser- 
vations such as that of Simonson et al.,! which revealed 
lew levels of diagnostic accuracy even when electro- 
cardiograms were interpreted by physicians considered 
to have the highest level of expertise. For certain diag- 
nostic categories, particularly hypertrophy and in- 
farction, it is therefore essential to use nonelectrocar- 
diographic data for validation. Traditionally, autopsy 
material has been considered the most reliable inde- 
pendent standard. However, with improvement in 
clinical methodology it has been possible to develop a 
data base that can reliably serve as a basis for validation 
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of many of these categories of electrocardiographic 
abnormalities. 

The use of these standards independent from the 
electrocardiogram for validation is even more important 
in regard to the Veterans Administration program in 
_ that the interpretations are based entirely on statistical 


^ decision and in no direct way relate to conventional 





- eriteria.25> Using this approach in our analysis of all 


.... abnormal electrocardiograms, we found a significant 


improvement in sensitivity over that achieved with 
conventional criteria. Furthermore, the assessment of 
interpretative results in patients with no cardiovascular 
disease indicated that the improvement in sensitivity 
could be achieved with an acceptable level of specificity. 
These results would indicate the potential of such a 
statistical decision program for improvement in accu- 
racy in certain diagnostic categories over that attainable 
with conventional criteria. 

*Prior probabilities" approach: À most interesting 
feature of the Veterans Administration program is the 
use of "prior probabilities." This approach implies that 
specific prior probabilities must be determined for each 
substantially different population to which the program 
is applied. Generally this can be considered a flexible 
feature of the program that allows for the ability to 
modify reliability. In this evaluation, our initial as- 
sumption of equal prior probabilities for the Washing- 
ton and the Minneapolis Veterans Administration 
populations was not entirely correct in that our preva- 
lence of left ventricular hypertrophy was less than that 
in Washington and subsequently the use of a corrected 
prior value improved the reliability of the diagnosis. 





*. 


Although adjustment for the type of population ismost 
important in obtaining maximal effectiveness of the _ 
prior probability, it is also important to assure proper 
application of the prior probability for each tracing — 
analyzed by correct entry of disease code identification: 
at the time of electrocardiographic reading. ; 

Left atrial overload recognition: Overall a sensi- 
tivity of the atrial analysis program is difficult to de- 
termine from our data because of the limited sample: 
size. It would appear that recognition of left. atrial 
overload was improved over that achieved by conven- 
tional criteria; however, the level of sensitivity was still 
quite low and there was a high percentage of overcalls — 
for both left and right atrial abnormality. 

Clinical implications: We believe that the overall 
diagnostic performance of the Veterans Administration 
program is clinically satisfactory. In general a greater. 
degree of physician education is required to achieve _ 


acceptance of the program than that required for most 


programs utilizing conventional criteria. However, the __ 
program offers the challenge of improvement in recog- © 
nition of significant diagnostic information from the _ 
electrocardiogram. Of some concern in regard to routine 


application of the overall program is that it is estab- 


lished from a data base that does not include women. 


and children. Although these groups are now being .— 


added to the data pool, use of the present version of the 
program in a general cross-sectional population would 
probably be limited. Our results can be considered valid... 
only for populations similar to ours, and further testing 
of the program will be needed in other population 
groups to determine a more general applicability. 
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Jnround Is Better. 


Mhe unround Offset and Offset Dx ECG monitoring electrode... 
specially Created to solve problems. 


nround for secure, 
nrestricted electrode 
lacement. 

he unique elliptical design 
‘Offset electrodes permits 
acement on almost any body 
te and ensures conformation 
body contours. The special 
eat activated adhesive resists 
»ntact loss due to perspiration 
ven when used on diaphoretic 
atients) and loosening action 
3used by prep solutions. 
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set Dx...all the benefits 
Offset ECG monitoring 
rodes...Plus 

aller in size, maximizing site 
hcement flexibility 
Dre “aggressive” adhesive, 
portant with problem patients 
d procedures 

itable for diaphoretic patients, 
ess test and Holter Moni- 
ing™** procedures 


Ufactured under U.S. patent 3.977392 
hdemark of DelMar Avionics 


Unround to reduce motion 
artifact and ensure base-line 
stability. 

The Medi-Trace® Offset elec- 
trode separates the snap from 
the gel column, connecting 
them with a silver /silver chloride 
conductor. The result? Little or 
no movement of the gel column, 
producing a superior trace that 
virtually eliminates motion 
artifact. Since the snap is over 
the adhesive, leadwire induced 
artifact and loose electrodes 
caused by leadwire tugging 

are virtually eliminated. 


Unround Offset and Offset 
Dx...partofatotal ECG 
monitoring system. 

Packaged for your con- 
venience, Offset electrodes are 
available in singles, 3's and 
25's. Offset Dx electrodes come 
in singles, 5's and 25's. A multi- 
ple layer foil package maintains 
a clean product that is virtually 
impervious to moisture/ vapor 
transmission. 


Offset and Offset Dx are part 
of our total ECG monitoring 
system that includes a com- 
plete line of cables, leadwires, 
recording charts and patient 
record forms. 


Unround, the result of 

new technology in ECG 
monitoring electrodes.* 
Advanced technology assures 
unprecedented conductivity 
and an end to trace deterio- 
ration problems. Specially 
formulated gel prevents pre- 
mature dry-out and provides 
low impedance for a strong, 
reliable trace. In actual 
defibrillation tests, Offset elec- 
trode trace recovery occurred 
in less than one second! 


Uninterrupted ECG monitoring 
is virtually assured. 


Unround to result in 

a superior trace. 

The soft, flexible gel ring 
maintains a stable gel column, 
even during patient and/or 
leadwire movement. Motion arti- 
fact is greatly reduced. Further, 
the specially formulated low 
impedance gel ensures base- 
line stability and minimizes 
patient skin irritations. The 
result? A rapid, strong, clear 
trace that's trouble free. 
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A New 
Inotropic Agent 
for the Short-Term 
Treatment of Low-Output 
Cardiac Failure 


Selectively Increases 
Myocardial Contractility 
with Consistent 
Hemodynamic Improvements 


See third page for brief summary of prescribing information 


Distinguishing Qualities of Dobutrex 





Strong Inotropic Activity through 

Selective Stimulation 

Dobutrex is a potent, positive inotropic agent 
whose primary activity results from stimulation of 
the B receptors of the myocardial muscle cells." 


Hemodynamic Improvements 

Dobutrex has minimum effect on the 
adrenergic receptors in the vasculature.’ In 
most patients, blood pressure changes are 
small, and decreases in afterload and preload 
have been reported in clinical investigations 
(see warnings)? 


Small Effect on Heart Rate and Automaticity 
Dobutrex has minimum effect on ventricular 
automaticity? and does not reduce blood 
pressure^ This, together with its low chronotropic 
potential, reduces the risk of arrhythmia (see 
warnings). 


Renal Output and Urine Flow 

Dobutrex does not have the direct renal 
vasodilative effect of low-dose dopamine; 
however, in patients with heart failure, Dobutrex 
generally promotes a diuresis as renal perfusion 
rises with the increased cardiac outputs 


Direct-Acting 

Unlike dopamine, Dobutrex acts directly on the 
myocardium and does not depend on the 
release of endogenous norepinephrine for its 
inotropic activity. 


Myocardial Oxygen Balance 

Increases in coronary heart perfusion due to 
increased cardiac output, together with a 
favorable influence on some of the major 
determinants of oxygen consumption (for 
example, decreases in left-ventricular filling 
pressure, decreases in systemic vascular 
resistance, and a mild chronotropic effect 28), 
suggest that Dobutrex improves or maintains 
myocardial oxygen balance. 


Infrequent Side Effects 

Increases in heart rate, blood pressure, and 
ventricular ectopic activity have occurred. The 
drug is contraindicated in patients with 
idiopathic hypertrophic subaortic stenosis. In 
patients who have atrial fibrillation with rapid 
ventricular response, a digitalis preparation 
should be used before therapy with Dobutrex is 
instituted. For warnings, precautions, and 
adverse reactions, see the brief summary of 
prescribing information. 

Because of the rapid onset and brief duration 
of action of Dobutrex, precise adjustment of 
cardiac stimulation is possible by regulation of 
the rate of administration. As a result, when 
undesirable effects arise, temporary 
discontinuation of the infusion or reduction in 
dosage will generally reverse the adverse 
‘conditions. No additional remedial measures 
are usually necessary. 
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2. Circulation, 55.375, 1977. 5. Circulation, 56:468, 1977. 

3. Anesthesiology, 44:281, 1976. 6. Br. Heart J.. 37:629, 1975. 
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For I.V. Injection 
250 mg* in 20-ml vials 
*Equivalent to dobutamine 
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Brief Summary 
Consult the package literature for prescrib- 
ing information. 


Indications and Usage: Dobutrex* (do- 
butamine hydrochloride, Lilly) is indicated 
when parenteral therapy is necessary for in- 
otropic support in the short-term treatment 
of adults with cardiac decompensation due 
to depressed contractility resulting either 
from organic heart disease or from cardiac 
surgical procedures. 

In patients who have atrial fibrillation with 
rapid ventricular response, a digitalis prep- 
aration should be used prior to instituting 
therapy with Dobutrex. 


Contraindication: Dobutrex is contraindi- 
cated in patients with idiopathic hyper- 
trophic subaortic stenosis. 


Warnings: 1. Increase in Heart Rate or Blood 
Pressure—Dobutrex may cause a marked 
increase in heart rate or blood pressure, 
especially systolic pressure. Approximately 10 
percent of patients in clinical studies have 
had rate increases of 30 beats/minute or 
more, and about 7.5 percent have had a 
50-mm Hg or greater increase in systolic 
pressure. Reduction of dosage usually re- 
verses these effects promptly. Because 
dobutamine facilitates ctrioventricular con- 
duction, patients with atnal fibrillation are at 
risk of developing rapid ventricular response. 
Patients with preexisting hypertension ap- 
pear to face an increased risk of developing 
an exaggerated pressor response. 

2. Ectopic Activity —Dobutrex may precipi- 
tate or exacerbate ventricular ectopic ac- 
tivity, but it rarely has caused ventricular 
tachycardia. 


Precautions: 1. During fhe administration of 
Dobutrex, as with any adrenergic agent, ECG 
and blood pressure should be continuously 
monitored. In addition, pulmonary wedge 
pressure and cardiac output should be 
monitored whenever possible to aid in the 
safe and effective infusion of Dobutrex. 

2. Hypovolemia should be corrected with 
suitable volume expanders before treatment 
with Dobutrex is instituted. 

3. Animal studies indicate that Dobutrex 
may be ineffective if the patient has recently 
received a beta-blocking drug. In such a 
case, the peripheral vascular resistance may 
increase. 

4. No improvement may be observed in 
the presence of marked mechanical 
obstruction, such as severe valvular aortic 
stenosis. 

Usage Following Acute Myocardial 
Infarction —Clinical experience with Dobu- 
trex following myocardial infarction has 
been insufficient to establish the safety of the 


Dobutrex’. 


Dobutamine HCI 





drug for this use. There is concern that any 
agent which increases contractile force and 
heart rate may increase the size of an infarc- 
tion by intensifying ischemia, but it is not 
known whether dobutamine does so. 

Usage in Pregnancy—Reproduction 
studies performed in rats and rabbits have 
revealed no evidence of impaired fertility, 
harm to the fetus, or teratogenic effects due 
to dobutamine. However, the drug has not 
been administered to pregnant women and 
should be used only when the expected 
benefits clearly outweigh the potential risks 
to the fetus. 


Pediatric Use—The safety and effective- 
ness of Dobutrex for use in children have not 
been studied. 


Drug Interactions —There was no evi- 
dence of drug interactions in clinical studies 
in which Dobutrex was administered concur- 
rently with other drugs, including digitalis 
preparations, furosemide, spironolactone, 
lidocaine, glyceryl trinitrate, isosorbide 
dinitrate, morphine, atropine, heparin, pro- 
tamine, potassium chloride, folic acid, and 
acetaminophen. Preliminary stucies indicate 
that the concomitant use of dobutamine 
and nitroprusside results in a higher cardiac 
output and, usually, a lower pulmonary 
wedge pressure than when either drug is 
used alone. 


Adverse Reactions: Increased Heart Rate 
Blood Pressure. and Ventricular Ectopic 
Activity —A 10 to. 20-mm increase in systolic 
blood pressure and an increase in heart rate 
of five to 15 beats per minute have been 
noted in most patients. (See Warnings re- 
garding exaggerated chronotropic and 
pressor effects) Approximately 5 percent of 
patients have had increased premature ven- 
tricular beats during infusions. These effects 
are dose related. 

Miscellaneous Uncommon Effects —The 
following adverse effects have been re- 
ported in 1 to 3 percent of patients: nausea, 
headache, anginal pain, nonspecific chest 
pain, palpitations, and shortness of breath. 


No abnormal laboratory values aftribut- 
able to Dobutrex have been observed. 


Longer-Term Safety —Infusions of up tc 72 
hours have revealed no adverse effects 
other than those seen with shorter infusions. 


Overdosage: In case of overdosage, as evi- 
denced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate 
of administration or temporarily discontinue 
Dobutrex until the patients condition 
stabilizes. Because the duration of action of 
Dobutrex is short, usually no additional re- 
medial measures are necessary. 


Administration and Dosage: Reconstitution 
and Stability —Dobutrex* (dobutamine hy- 
drochloride, Lilly) is incompatible with alka- 
line solutions and should not be mixed with 
products such as 5% Sodium Bicarbon- 
ate Injection. 

Dobutrex may be reconstituted with Sterile 
Water for Injection or 595 Dextrose Injection. 
To reconstitute, add 10 ml of diluent to Vial 
No. 7051 Dobutrex. 250 mg. If the material is 
not completely dissolved, add an additional 
10 ml of diluent. The reconstituted solution 
may be stored under refrigeration for 48 
hours or at room temperature for six hours. 

Reconstituted Dobutrex must be further di- 
luted to at least 50 ml prior to administration 
in 5% Dextrose Injection, 0.9% Sodium 
Chloride Injection, or Sodium Lactate Injec- 
tion. Intravenous solutions should be used 
within 24 hours. 

Solutions containing Dobutrex may exhibit 
a color that, if present, will increase with time. 
This color change is due to slight oxidation of 
the drug, but there is no significant loss of 
potency during the reconstituted time 
periods stated above. 

Recommended Dosage-— The rate of infu- 
sion needed to increase cardiac output 
usually ranges from 2.5 to 10 mcg/kg/min 
(see table). On rare occasions, infusion rates 
up to 40 mcg/kg/min have been required to 
obtain the desired effect. 

Rates of Infusion for Concentrations of 
250, 500, and 1000 mcg/ml 
Drug Delivery Infusion Delivery Rate 


Rate 250 mcg/ml* 500 mcg/mit 1000 mcg/ml 
(mcg/kgi/min) (mi/kg/min) (ml/kg/min) (mi/kg/min) 


25 0.01 0.005 0.0025 
5 0.02 0.01 0.005 
75 0.03 0.015 0.0075 
10 0.04 0.02 0.01 
125 0.05 0.025 0.0125 
5 0.06 0.03 0015 


*250 mg per liter of diluent 
*500 mg per liter or 250 mg per 500 ml of diluent 
11000 mg per liter or 250 mg per 250 ml of diluent 

The rate of administration and the dura- 
tion of therapy should be adjusted accord- 
ing to the patients response, as determined 
by heart rate, presence of ectopic activity, 
blood pressure, urine flow, and, whenever 
possible, measurement of central venous or 
pulmonary wedge pressure and cordiac 
output. 

Concentrations up to 5000 mcg/ml have 
been administered to humans (250 mg/50 
ml). The final volume administered should be 
determined by the fluid requirements of the 
patient. [081678] 


Litty 


900288 


Additional information avaitable to 
the profession on request. 


Eli Lilly and Company 
Indianapolis, Indiana 46206 
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for your daily practice 
and 
for emergency situations ... 


Mosby Has Them! 


New 2nd Edition. MYOCARDIAL INFARCTION: 
Electrocardiographic Differential Diagnosis. By Ary Louis 
Goldberger, M.D. The 2nd edition of this unique reference 
extensively details all major conditions that cause ECG changes 
which mimic infarction patterns. It offers guidelines to help you 
differentiate between actual and pseudoinfarct patterns and 
aids in diagnosis. Three new chapters highlight this edition. All 


deal with various aspects of ST-depression: ischemic causes, 


normal variant and non-ischemic causes, and false positive 
exercise tests. April. 1979. Approx. 288 pp., 336 illus. About 
$2450. 


A New Book. ACOLOR ATLAS OF SECTIONAL ANATOMY: 
Chest, Abdomen, and Pelvis. By E. A. Lyons, M.D., F.R.C.P.(C). 
This impressive atlas promises to become one of the most 
valuable clinical tools in your field. Designed as a reference for 
normals, it features a complete set of sections (sagittal, 
transverse, and coronal) 1 cm. thick — all in full color plates — 
of the chest, abdomen, and pelvis. it also offers oblique views of 
the heart. Throughout, the photography is far superior to that 
in.any other atlas currently available on this subject. November, 
1978. 328 pp., 283 illus.. including 138 in full color and 60 
unmounted transparencies. Price, $137.50. 


New 2nd Edition. CARDIOVASCULAR NUCLEAR MEDICINE. By 
H. William Strauss, M.D. and Bertram Pitt, M.D. A "state of the 
art" presentation of nuclear cardiology, this updated edition 
offers you the latest imaging techniques in the use of 
‘radioactive tracers and radionuclides. In addition, it provides an 
overview of all aspects of nuclear cardiology, including historical 
background information. You'll find two completely new 
chapters: “Computer Methods in Nuclear Cardiology” and 
“Emission Computed Tomography of the Myocardium.” Other 
chapters have been revised or rewritten to reflect the changes 
in the field. August. 1979. Approx. 352 pp.. 791 illus., plus 4 in 
color. About $4750. 


A New Book. ISCHEMIC HEART DISEASE. By Igor 
Konstantinovich Shkhvatsabaya. This definitive book presents 
the results of experimental, epidemiological and clinical 
investigations of ischemic heart disease and studies the 
correlation between vascular and metabolic factors. Helpful 
treatment principles and information on primary and secondary 
prophylaxis reflect current data. May, 1979. Approx. 400 pp.. 
123 illus. About $37.50. 


Znd Edition. TREATMENT OF CARDIAC EMERGENCIES. By 
Emanuel Goldberger, M.D., F.A.C.P.: with 1 contributor. Take a 
realistic look at all aspects of cardiac emergencies with this 
practical guide. Three well-illustrated sections examine specific .. 
disease conditions, discuss current monitoring and support 
systems, and review commonly used emergency drugs. 
Extensively revised and updated. this edition incorporates 
significant information on Swan Ganz catheter monitoring, IV 
sodium bicarbonate, and HIS bundle electrograms. A convenient 
table of emergency treatments inside the back cover offers 
instant reference to each condition. 1977. 402 pp.. 243 illus. 
Price, $19.95. 

For even faster service — or if coupon has been removed — 
cali us! Dial toll free (800) 325-4177 ext. 10 during normal 
business hours. In Missouri, call collect (314) 872-8370, ext. 
10. A90544 02 05 


MOSBY 
TIMES MIRROR 
THE C. V. MOSBY COMPANY 


11830 WESTLINE INDUSTRIAL DRIVE 
ST. LOUIS. MISSOURI 63141 





Mail this coupon today, and you'll have 30 days to 
evaluate your selections. mW 
Yes! Please send me on-approval copies of the books 
I've checked below: 


MYOCARDIAL INFARCTION (1860-6), $24.50* 
—__. A COLOR ATLAS OF SECTIONAL ANATOMY 
(3052-5). $137.50 
— — — CARDIOVASCULAR NUCLEAR MEDICINE 
(2409-6), $47.50* 
—  ISCHEMIC HEART DISEASE (4624-3), $37.50* 
— —— TREATMENT OF CARDIAC EMERGENCIES 
(1854-1). $19.95 
*Estimated prepublication price. Prices subject to change. 
Prices effective in U.S. only. 
D Billme DO Payment enclosed 
D mastercharge * 
O VISA * 
Name 
Address 
City 
State Zip — 1 
30-day approval effective in U.S. andCanada.A905440205 M 


Complete and mail to: The C. V. Mosby Company, 11830 B 
Westline Industrial Drive, St. Louis, Missouri 63141 E 
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A SIGNIFICANT 

ADYANCEMENT IN 
SING SYSTEM 

TECHNOLOGY 


CPIs new Porous Tip Lead 
encourages living tissue to 
grow within the electrode, 
creating a bond between the 
heart and the MICROLITH,-P 
programmable pacing system. 
The remarkable characteristics 
of this bond allow you to 

ake full advantage of the 
MICROLITH-P’s programmable 
eatures. 


IMPROVED ELECTRODE 
= EIR 


rie Porous Tip Lead’s direct 
bond with heart tissue resists 
dislodgement significantly 
better than conventional leads. 


y mm 


LEAD SUPERIORITY 


IMPROVED SENSING 
CAPABILITY 
With greatly reduced fibrotic 


build-up at the electrode site, 
the new Porous Tip Lead 


improves sensing capabilities. 


IMPROVED ECONOMY 
OF CURRENT DRAIN 


Optimize longevity of the 
MICROLITH-P through the 
reduced current drain of the 
Porous Tip Lead. The small 
7.5mm tip utilizes available 
energy efficiently without 
compromising sensing 
capabilities or patient safety. 


¥ 


COMPATIBLE DESIGN 
FOR CONSISTENT 
PERFORMANCE 

Never before has a pacing 
system achieved this high 
degree of integration with the 
requirements of the human 
body. 


For more information on how 
MICROLITH-P and the Porous 
Tip Lead work together to 
improve pacing reliability and 
patient care, contact your CPI 
representative or call Toll-Free 
(800) 328-9588. 





The 90% porous electrode 
encourages a synergistic bond with 
cardiac muscle through ingrowth of 
tissue. The 254m diameter of the 
electrode’s interior mesh fibers is 
comparable to that of an individual 
heart cell. This diminishes foreign 
body reaction resulting in a smaller 
fibrotic capsule for increased 
sensing capabilities. 


The porous electrode tip combines thg 
advantages of a small pacing area 
(7.5mm?) for lower current drain, and a 
large area (50mm?) for improved 
sensing. 


The porous configuration of the 
electrode tip and flexible lead body are 
more compatible with heart movement 
than standard leads. Placement is 
easier, with less trauma at the electrode 
site. 


The lower pacing current drain 
achievable with the Porous Tip Lead 
optimizes the longevity of the 

a! ia Ne 





New cardiac catheterization 
studies demonstrate 

prolonged changes for over 5 hours 
in cardiac hemodynamics with 


PERITRATE 40-mg ORAL TABLET 


(pentaerythritol tetranitrate) 


In a randomized double-blind study of catheterized patients with congestive 
heart failure, Peritrate 40 mg demonstrated marked changes in a variety of 
hemodynamic parameters with no change in heart rate.! 


A marked reduction in PRELOAD: Peritrate reduced pulmonary > 

arterial wedge pressure for over 300 minutes. The maximum reduction was 37%. 
Pulmonary arterial mean pressure was also reduced for over 300 minutes. These 
manifestations of reduced PRELOAD resulted from an increase in venous 
capacitance leading to a reduction in left ventricular end-diastolic volume and 
pressure. The observed reduction in pulmonary wedge pressure indicates marked 
preload reduction. 


Peritrate effects prolonged for 5 hours 


pulmonary arterial wedge pressure (preload) 
"Statistically significant at the 5% tevel. 





| E Areduction i in AFTERLOAD: ^ significant reduction of arterial blood pressure, correlating with 
a reduced AFTERLOAD, was maintained for over 300 minutes.! 


Reduction in blood pressure for 5 hours 





eritrate actions observed - 
tivity was prolonged for at least 5 hours. 
PRELOAD na AFT ERLOAD bien, 


n of elevated 
filing pre aston fee Ch -acting mente 
; ion for tinical Researc’ "s 
Coli, April 29-May 1,1978. aaea Unwanted eff sts are 


owing page for brief summary of prescribing information patient compliance is excelle 











Peritrale^ SA . 


Sustained Action r 

(pentaerythritol tetranitrate) 80 mg 
Peritrate” 

(pentaerythritol tetranitrate) 40 mg 
Peritrate" 

(pentaerythritol tetranitrate) ?0 mg 
Peritrate " 

(pentaerythritol tetranitrate) 10 mg 


CAUTION: Federal law prohibits dispensing without prescription 
Description: Each tablet of Peritrate SA Sustained Action contains 
pentaerythritol tetranitrate 80 mg (20 mg in immediate release 
layer and 60 mg in sustained release base). Each tablet of Peri- 
trate 40 mg contains pentaerythritol tetranitrate 40 mg. Each tab- 
let of Peritrate 20 mg contains pentaerythritol tetranitrate 20 mg 
Each tablet of Peritrate 10 mg contains pentaerythritol tetranitrate 
10 mg Peritrate (pentaerythritol tetranmrate) is a nitric acid ester 
of a tetrahydric alcohol (pentaerythrito: ; 





Indications: Based on a review of this drug by the National 
| Academy of Sciences—National Research Council and/or 
other information. FDA has classified the indications as 
tollows 
Possibly" effective: Peritrate (pentaerythritol tetrani 

trate), 1s indicated for the relief of angina pectoris (pain 
associated with coronary artery disease} It is not intended 
| to abort the acute anginal episode but it 1s widely regarded 
as useful in the prophylactic treatment of angina pectoris | 

Final classification of the less-than-effective indications 
requires further investigation 











Contraindications: Peritrate SA Sustained Action (pentaerythritol 
tetranitrate) 80 mg and Peritrate (pentaerythritol tetranitrate) are 
contraindicated in patients who have a history of sensitivity to the 
drug 
Warning: Data supporting the use of Per trate (pentaerythritol tet- 
ranitrate) during the early days of the acute phase of myocardial 
infarction (the period during which clinical and laboratory findings 
are unstable) are insufficient to establish safety 
This drug can act as a physiological antagonist to norepi 
nephrine, acetylcholine. histamine, and many other agents 
Precautions: Should be used with caution in patients who have 
glaucoma Tolerance to this drug. and cross-tolerance to other 
nitrites and nitrates may occur 
Adverse Reactions: Side effects reported to date have been predom- 
'nantly related to rash (which requires Ciscontinuation of medica- 
tion) and headache and gastrointestinal distress, which are 
usually mild and transient with continuation of medication. In 
some cases severe. persistent headaches may occur 
In addition, the following adverse reactions to nitrates such as 
pentaerythritol tetranitrate have been reported in the literature 
(a) Cutaneous vasodilatation with flushing 
(b) Transient episodes of dizziness and weakness. as well as 
other signs of cerebral ischemia associated with postural 
hypotension, may occasionally develop 
(C) An occasional individual exhibits marked sensitivity to the 
hypotensive effects of nitrite and severe responses (nausea 
vomiting. weakness. restlessness. pallor, perspiration and 
collapse) can occur. even with the usual therapeutic doses 
Alcohol may enhance this effect 
Dosage: Peritrate (pentaerythritol tetranitrate) may be adminis 
tered in individualized doses up to 160 mg a day Dosage can be 
initiated at one 10 mg or 20 mg tablet q.1. d. and titrated upward to 
40 mg (two 20 mg tablets or one 40 mg tablet) q.1.d one-half hour 
before or one hour after meals and at bedtime Alternatively. Peri- 
trate Sustained Action 80 mg can be administered on a convenient 
bid dosage schedule 
Supplied: Peritrate SA Sustained Action (pentaerythritol tetrant- 
trate) 80 mg—double-layer, biconvex, dark green/light green tab- 
lets in bottles of 100 (N 0047-0004-51) and 1000 (N 0047-0004-60) 
Also unit dose, package of 10 x 10 strips (N 0047-0004-11) 
Peritrate (pentaerythritol tetranitrate) 40 mg—pink scored tab- 
lets in bottles of 100 (N 0047-0008-51) 
Peritrate (pentaerythritol tetranitrate) 20 mg—light green 
scored tablets in bottles of 100 (N 0047-0001-51) and 1000 
(N 0047-0001-60). Also unit dose, package of 10 x 10 strips 
(N 0047-0001-11) 
Peritrate (pentaerythritol tetrani(rate) 10 mg—light green 
unscored tablets in bottles of 100 (N 0047-0007-51) and 1000 
(N 0047-0007-60) 
STORE BETWEEN 59° and 86` F [15° and 30° C). 
Animal Pharmacology: In a series of carefully designed studies in 
pigs. Peritrate (pentaerythritol tetranitra'e) was administered tor 
48 hours before an artifically induced occlusion of a major coro- 
nary artery and for seven days thereafter The pigs were sacrificed 
at various intervals for periods up to six weeks The result 
showed a significantly larger number of survivors in the drug- 
treated group. Damage to myocardial tissue in the drug-treated 
survivors was less extensive than in the untreated group. Studies 
1n dogs subjected to oligemic shock through progressive bleeding 
have demonstrated that Peritrate (pentaerythritol tetranitrate) 1s 
vasoactive at the postarteriolar level. producing increased blood 
flow and better tissue perfusion These animal experiments can- 
not be translated to the drugs actions in humans 
Full information is available on request 


Warner / Chilcott 

Division, 

Warner-Lambert Company 

Morris Plains, N.J. 07950 PE-GP-82 





How to Keep Up with 
Drug Interaction in 
Cancer Chemotherapy 


Three authorities from 


a leading medical center show 
you how to use the most current 


chemotherapeutic agents 





At last a way to keep up with the bewildering prolifera- 
tion of new chemotherapeutic drugs which have 
come into use relatively recently. This just published 
guide will be valuable to every hospital, and every on- 
cology specialist, general internist, clinical pharma- 
cist, and nurse oncologist. 


A SYNOPSIS OF CANCER CHEMOTHERAPY is a 
concise, readily understandable “how to" manual. 


Developed originally for staff use at The New York 
Hospital-Corne!l Medical Center, the concept proved 
so successful it was decided to make it available to 
other professionals. The new users of the SYNOP- 
SIS have the advantage of a proven, time-tested 
learning system. It is written in a unique, compact 
work-book style to keep reading time to a minimum. 


The reader can quickly find the 
following for both commercially 
available and investigational 
drugs 

* Structure 

Mechanism of Action 

* Pharmacokinetics 

* Toxicity 

* Therapy 

* Availability 


The chemotherapeutic agents in 

the main listing section cover 

these categories: 

* Alkylating Agents 

* Antimetabolites 

* Mitotic Inhibitors 

* Antibiotics 

* Miscellaneous (includes such 
drugs as Mithramycin, 
Mitotane, etc.) 








RICHARD T. SILVER, MD, F.A.C.P , F.A.B.C.O. 

Chief, Oncology Service, Div. Hematology-Oncology, 
Clinical Professor of Medicine, Cornell University Medical 
College, Attending Physician, New York Hospital, Exec 
Officer, Cancer & Leukemia Group B. 


R. DAVID LAUPER, Pharm. D 
Asst. Director for Education and Information, Pharmacy 
Dept., New York Hospital-Cornell Medical Center 


CHARLES I. JAROWSKI, MD 

Instructor in Medicine, Cornell University Medical College. 
Senior Chemotherapy Fellow, Div. of Hematology-Oncology. 
The New York Hospital. 





Use it for 30 days—FREE 


Refer to it for chemotherapeutic crug information for a full 
month. Then keep the book only if you want it for permanent 
reference. Otherwise simply return it and owe nothing. You 
have nothing to lose and a whole world of valuable life-saving 
knowledge to gain. Order right now! 


Address 


City 


YORKE MEDICAL BOOKS AJC-6 
666 Fifth Ave., New York, N.Y. 10019 M: 


YES! Please send me a copy of A SYNOPSIS OF CAN- 
CER CHEMOTHERAPY at only $16.00. | may use the 
book for 30 days and if not completely satisfied, return it 
for full credit or refund. 


O Payment enclosed, publisher pays shipping cost. 
O Bill me plus cost of shipping 


Name — ne 





New York State residents add applicable sales tax 


State — —— 2 


Smith Kline Sfrench Laboratories . 

SELACRYN 

-™ticrynafenzs» 
In Hypertension 





EE Lowers 
Blood re 
Pressure T 


See next 

seven pages 
for more 
information 
and prescribing 
information. 











For First-Step Management of 
Your Hypertensive Patient 


^ SELACRYN 


ticrynafenz 


Proven Consistent Reduction 
of Elevated Blood Pressure... 
Once-a-Day Dosage’ 


New 'Selacryn' gives your patient the benefits of known, dependable anti- 
hypertensive activity. Clinical experience in more than 500 hypertensive 
patients proves that ‘Selacryn’ provides all the antihypertensive effect you 
expect from a diuretic. Double-blind studies establish that ‘Selacryn’ pro- 
vides an antihypertensive effect equal to that of hydrochlorothiazide, and 
that 'Selacryn exerts its antihypertensive effect when administered once a 
day. For patients not responding to 250 mg. once daily, dosage may be 
increased to 500 mg. once daily or 250 mg. administered twice daily. 


SELACRYN vs. HYDROCHLOROTHIAZIDE 
IN HYPERTENSIVE PATIENTS—SIX-MONTH STUDY 


mm Hg 110 7 = - - 
Average Supine Diastolic Blood Pressure in Hypertensive Patients 
105 
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90 sans, Hydrochlorothiazide 
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This chart presents results from a six-month multi-center double-blind study involving 71 
hypertensive patients receiving 'Selacryn' (250 or 500 mg./day) and 72 hypertensive 
patients receiving hydrochlorothiazide (50 or 100 mg./day). Active medication was 
preceded by a one-week drug-free period and two or three weeks on placebo. 
Differences between the two medications were not statistically significant.’ 


1. Data on file, SK&F Medical Department. 





A Single-Entity Diuretic with , 
Two Distinct Actions 





Prompt Reduction of Uric Acid 
in Hypertensive Patients 


Because of its uricosuric activity, elevated uric acid is not a 
concern with ‘Selacryn’ in the treatment of hypertensive 
patients. Since uric acid excretion is accompanied by 
diuresis, urine concentration of uric acid does not increase 
during ‘Selacryn’ therapy. 


SELACRYN (rand of ticrynafen) vs. HYDROCHLOROTHIAZIDE 
IN HYPERTENSIVE PATIENTS—SIX-MONTH STUDY 


mg %8 


Average Serum Uric Acid Levels in Hypertensive Patients 
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Hydrochlorothiazide 
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Data for this chart were derived from the same six-month multi-center double-blind study 
described at left. 


See following five pages for more information and prescribing information. 











. For FirstStep Management of 
Your Hypertensive Patient 


E ELACRYN 


ticrynafenzs 


Effective Alone and in Combination 
with Non-Diuretic Antihypertensives 


Once a Day for Initial Therapy and Long-Term Control 


‘Selacryn’ provides all the antihypertensive effect you expect from a diuretic, 
with the convenience of once-a-day dosage. Clinica! experience has con- 
sistently demonstrated that the antihypertensive effect of ‘Selacryn’ is equiva- 
lent to that of hydrochlorothiazide. For patients not responding to 250 mg. 
once daily, dosage may be increased to 500 mg. once daily or 250 mg. 
administered twice daily. 


An Effective Adjunct to Non-Diuretic Antihypertensives 


Clinical experience with 'Selacryn' in combination with propranolo!, methyldopa 
and other non-diuretic antihypertensives proves pharmacological compat- 
ibility and additive effect. When 'Selacryn' is used with other antihypertensive 
drugs, the dose of such other agents should be reduced by one-half, initially. 
Titrate to achieve optimal response. 





-A New Product You Can 
Prescri be with Confidence 


; : ; Comprehensive Testing in Laboratory and Clinic! - - 


Thorough testing, in every phase of research, has established both the. 
. efficacy and safety of ‘Selacryn’. ‘Selacryn' has been administered in - 
clinical studies to more than 500 patients with hypertension and 114 
d congestive cardiac failure. More than one hundred of these patients 
- have been treated with ‘Selacryn’ for 12-36 months. 


In most respects, the type and incidence of adverse reactions are 

-= similar to those seen through the years with the thiazides. Standard 

~ laboratory tests you use to monitor the course of thiazide therapy are 
indicated when you prescribe 'Selacryn'. 





. Reduce Dosage of Concomitant Oral Anticoagulants — 


“Selacryn’ potentiates the action of oral anticoagulants and should - 
be used with caution with other protein-bound agents. ‘BORON, causes. 
a decrease in excretion of penicillin. 


Maintain Adequate Fluid Intake with Initial Doses of Selac 


oe Ss 
_ Initial doses of 'Selacryn' usually produce sufficient diuresis SO - 


-that supplemental fluids and alkalization of the urine are not ordinarily 
necessary. Normal intake of fluid should be maintained initially in patients 
- With pre-existing elevated uric acid levels. Patients who are dehydrated, 
-or who are switched to ‘Selacryn’ from other diuretics, should maintain 
daily fluid intake of 1500 cc. (48 oz.) for the first three days of therapy. - 


Potassium Supplements Are Usually Not Necessary 
‘Selacryn’ is si imilar in kaliuretic effect to hydrochlorothiazide, — 

.. and potassium supplementation may be advisable in some patients. 
— All patients receiving diuretic therapy should be observed for 
clinical signs of fluid or electrolyte imbalance. 


-~ Some patients who received 'Selacryn' and triamterene have shown = 
< marked elevation of BUN and creatinine. Therefore, such a combination : 
ds notrecommended. 


-See following three pages for more information and prescri ibing 
information. ; ; 
<4 Data onile. SK&F Medical Department. 











_« ForFirstStep Managementot 


Your Hypertensive I 


PRESCRIBING INFORMATION 
DATE OF ISSUANCE APRIL 1979 


Antihypertensive—Diuretic—Uricosuric 


DESCRIPTION 
‘Selatryn’ (brand of ticrysaten) is (2, 3-dichloro-4- 
*(2-thienyicarbony!}-phenoxy] acetic acid. 


ZA 


5 
Qo 

CLINICAL PHARMACOLOGY 

Actions: Three principal actions have Deen estab- 

lished: antihypertensive, diuretic and uricosuric. 
Antihypertensive: ‘Selacryn’ (brand of ti- 
orynafen) provides a significant and consistent 
antihypertensive effect at doses of 250 to 500 
mg. per day. Little additional antihypertensive 
effect is obtained at higher doses. Initially, this 
effect is provided primarily through reduction 
of plasma volume due to the diuretic properties 
of ihe compound. The pi iem, consistent 
antihypertensive effect of.'Selacryn' may in- 
volve both renal and extrarenal mechanisms; 
the exact antihypertensive mechanisms of di- 
uretics are not Known. 'Selacryn' does not sig- 
nificantly lower blood pressure in normoten- 
sive subjects. 
Diuretic: The maior site of diuretic action of 
'Selacryn', like. the thiazides. is. in the cortical 
diluting segment of te distal convoluted tu- 
bule of the nephron. 


The diuretic and natriuretic. effects of 'Sela- 
cryn” are dose related through the therapeutic 
range of 250. mg. once daily to 500 mig. twice 
daily. Litte additional diuretic effect is obtained 
with-higher doses. The diuretic and natriuretic 
effects begin in one hour after oral adminis- 
tration, reach. a maximum in two-to four hours, 
and continue for 12-10 24 hours depending 
upon-the dosage and the individual response 
of the-subject. The urinary excretion of so- 
dium, chloride and potassium produced by 
250 mg. of "Selacryn' is eauivalent to that pro- 
duced by 50. mg. ot hydrochlorothiazide. 
Uricosuric: Selacryn causes à prompt, con- 
sistent reduction in bettr normal and elevated 
serum uric acid levels. As with the diuretic ac- 
tivity, the. reduction: iy- serum uric. acid. with 
‘Selacryn’ is dose related through the range of 
-:125 mg. to- 250 mg. per day. Little additional 
uricosuric effect is obtained with higher doses. 
A 125 mg. dose of 'Selacryn' lowers serum 
uric acid levels to about the same extent as 
500 mg. of probenecid. 
Pyrazinamide suppression studies demonstrate 
that reduction of serum uric acid is produced 
through Inhibition of urate reabsorptive mecha- 
nisms at both pre-and postsecretary sites in the 
proximal tubule, resulting in enhanced urinary 
excretion of both filtered and secreted uric acid. 
in crystal equilibration studies in normal volun- 
teers, 'Selacryn', by virtue of its inherent. di- 
uretic effect, did not egnificantly increase the 
“degree of urinary saturation of either uric acid 
or monosodium urate. 


OCH2-COOH 


Tiber" 


in vitro, 'Selacryn' has no significant inhibitery 
activity upon xanthine oxidase: There is no en- 
hanced excretion of the oxypurines, xan- 
thines, or hypoxanthines, indicating that 
‘Selacryn’ does not interfere with pure 
metabolism. 
The administration of ‘Selacryn’ (250 mg.) with 
other diuretics ‘hydrochlorothiazide. 50 mg., tu- 
rosemide 40 mg., acetazolamide 500-mg.) can 
produce additive diuretic and- natriuretic: effects, 
while the reduction of serum uric acid and uricosu- 
ric effects of 'Selacryn' are maintained. 
PHARMACOKINETICS 
'Selacryn' (branc of ticrynafen) is rapidly absorbed 
and is cleared from the body by metabolismi and Dy 
excretion in the urine. Following administration of 
250 mg., significant plasma levels of ‘Seiacryn’ are 
apparent within one hour, with maximum-plasma 
concentration reached at two to three hours. 
‘Selacryn’ is rapidly cleared from plasma, with a 
half-life of approximately two hours. 'Selacryn' ap- 
pears essentially unchanged in plasma: although 
traces of oxidized and reduced metabolites are 
aiso present. Approximately B096 of 'Selacryn' is 
excreted in the urine, 34% as the parent drug. 
CLINICAL STUDIES 
Hypertension: Double-blind. multi-invesiigator 
studies were carried out in hypertensive. patients 
with supine diastolic blood pressure of 95-175 
mmHg. in short- and long-term studies; ‘Selacryn’ 
(brand of ticrynefen) effectively and. consistently 
lowered blood pressure to the same degree as hy- 
drochlorothiazide. The results of representative 
studies are given below. 


Short-Term (Six Weeks) Therapy 
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Patients from the double-blind studies were contin- 
ued on ‘Selacryn’ (250.mg. or 500 mg. daily}: se- 
pine. diastolic pressure was controlled at levels of 
90 mmHg. or jess:in about 75% of the patients. Ap- 
proximately 50% Sf the patients received concordi- 
tant therapy with nondiuretic. antihypertensive 
agents such as propranolol or methyldopa. - 

Congestive Cardiac Fallure: Double-blind studies 
of six to 12 weeks’ duration comparing the effects 
of 'Selacryn' (250 or 500 mg. daily)-and hydre- 
chiorothiazide (56 or 100 mg. daily) in-patients 






. Significant change in serum uric acid levels. 
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test. in these instances, a short course of diu 


acid calcul: 
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with congestive cardiac failure of various etiolog 
showed that ‘Selacryn’ and hydrochlorothiaz 
were equally effective in controlling signs 
symptoms of congestive cardiac failure. Patiel 
treated with ‘Selacryn’ had a significant decre: 
in serum. uric acid levels, whereas those treal 
with hydrochiorothiazide had an increase or 


INDICATIONS 
"Selacryn' (brand of ticrynafen) is indicated in 
management of hypertension, with.or without 
peruricemia, either as the sole therapeutic ai 


tensive drugs in the more severe forms. of hy; 
tension. Because of its uricosuric activi 
'Selacryn' will not increase serum uric acid lev 
as other diuretic agents usually do. xd 
'"Selacryn' is indicated in the management. of 
and water retention states associated with cong 
tive cardiac failure. 1 

Use in Pregnancy. Routine use of diuretics dui 
normal pregnancy is inappropriate and ex 
mother and fetus to unnecessary hazard. Diur 
do not prevent development of toxemia of pt 
nancy and there is no satisfactory evidence 
they are useful in the treatment of toxemia, 1 
Edema during. pregnancy may arise from pat 
logic causes or from the physiologic and mech: 
cal consequences cf pregnancy. Diuretics” 
indicated in- pregnancy when edema is duel 
pathologic causes, just as thay are in the abse 
of pregnancy (however, see WARNINGS bel 
Dependent edema in pregnancy, resulting from 


properly treated through elevation of the lower' 
tremities-and use of support stockings. Use O' 
uretics. io lower intravascular volume in | 
instance. is inappropriate. During normal pi 
nancy there is hypervolemia which is not han 
to the fetus or the mother in the absence of car 
vascular disease. However, it may be associ: 


edema causes ciscomfort, increased recumbe 
will often provide relief. Rarely this edema 
cause extreme discomfort which is not relieve 


therapy may provide retief and be appropriate. 


CONTRAINDICATIONS 
Anuria, severe or progressive renal disease. 
persensitivity to the drug, and known renal 


Interaction with Anticoagulants: ‘Seiac 
(brand of ticrynafen) potentiates the action of | 


coagulant dosage is required in patients rece 
can compete with warfarin for the same prot 


ng Diuretics: Marked eleva 
of BUN and creatinine has been seen in some 
tients who received ‘Selacryn’ and triamter 


mended: - 
Patients with impaired Liver Function: ' 


priate therapy in hepatic ascites and its use 1s] 
recommended in such - patients, In severe! 


elevations of BUN (up to 44 mg.%) and 
creatinine (up to 4.5 mg.96) have been 'obse 









































vations were not seen in ambulatory cir- 
ients with mild ascites. 


with Impaired Renal Function: In pa- 
ith progressive or advanced renal disease, 
n' may precipitate azotemia. Cumulative 
f diuretics may develop in patients with im- 
enal function. Frequent electrolyte, creati- 
BUN determinations should be performed 
therapy and periodically thereafter during 
t. If renal impairment progresses, 'Sela- 
ould be discontinued. 
n Pregnancy: There has been no experi- 
date with the use of 'Selacryn' in pregnant 
. However, animal studies have demon- 
that 'Selacryn' crosses the placental bar- 
ratology studies have shown no effects 
ble to 'Selacryn'. Routine use of diuretics 
iormal pregnancy is inappropriate and ex- 
ther and fetus to unnecessary hazard. 
n' should not be used in pregnant patients 
the judgment of the physician the antici- 
nefits outweigh the potential risks. 
Mothers: it is not known whether 'Sela- 
lexcreted in human milk. As a general rule, 
ishould not be undertaken while a patient is 
g since many drugs are excreted in human 
lacryn' is excreted in the milk of animals. 


TIONS 

take: Fluid intake should be increased for 
three days of therapy (to a total of approxi- 
500 cc. per day) in patients who may be 


ere vomiting or diarrhea), particularly if 
nts are hyperuricemic or when 'Selacryn' 
f ticrynafen) is instituted as a replacement 
diuretics. Initial doses of 'Selacryn' usu- 
uce sufficient diuresis in normal patients 
supplemental fluids and alkalinization of 
not necessary; patients with elevated se- 
acid levels should be instructed to main- 
al fluid intake. 


with Gout: Any drug with uricosuric or 
activity, including 'Selacryn', may precipi- 
te attacks of gout. Therapeutic doses of 
e are recommended to control the acute 
uring which treatment with ‘Selacryn’ may 
ued. 


Metabolism: 'Selacryn' exerts effects on 
metabolism similar to those observed with 
diuretics. Insulin requirements may be af- 
diabetics, and hyperglycemia and glycos- 
occur in patients with latent diabetes. 


im Creatinine: Elevation of BUN and/ 


se effects usually revert to baseline values 
ontinued therapy or upon withdrawal of 


e Imbalance: All patients receiving di- 
lerapy should be observed for clinical signs 
r electrolyte imbalance, i.e., hypokalemia, 
emia and hypochloremic alkalosis. Peri- 
rmination of electrolytes to detect pos- 


ations are particularly important when the 
vomiting*excessively or receiving paren- 
ls. Medication such as digitalis may also 
serum electrolytes. Warning signs, irre- 
Of cause, are dryness of mouth, thirst, 
S, lethargy, drowsiness, restlessness, 
ains or cramps, muscular fatigue, hypo- 


ted (e.g., patients with excessive alcohol . 


creatinine can occur during diuretic ther- - 


Usual Dosage: 
Once a Day 
for Hypertension... 





250 mgTeblet 


tension, oliguria, tachycardia and gastrointestinal 
disturbances such as nausea or vomiting. Hypoka- 
lemia can sensitize or exaggerate the response of 
the heart to the toxic effects of digitalis (i.e., in- 
creased ventricular irritability). Any chloride deficit 
is generally mild and usually does not require spe- 
cific treatment except under extraordinary circum- 
stances (as in liver disease or renal disease). 


Cytotoxic Agents: Drugs with uricosuric activity 
should be used with caution in patients receiving 
cytotoxic agents. Since cytotoxic agents result in 
increased uric acid formation, and some are neph- 
rotoxic, use of cytotoxic drugs with uricosuric 
drugs requires individualization of dosage and 
management. 


Pediatric Usage: Safety and effectiveness of 
'Selacryn' in children have not been established. 


DRUG INTERACTIONS 

Protein-Bound Drugs: 'Selacryn' (brand of ti- 
crynafen) potentiates the action of oral anticoagu- 
lants (See Warnings). 

Because in vitro studies with tolbutamide, pheny- 
toin (diphenylhydantoin), and warfarin have shown 
competition for protein-binding sites, caution 
should be exercised when 'Selacryn' is adminis- 
tered with other drugs that are highly protein 
bound. 


Potassium-Sparing Diuretics: Marked elevation 
of BUN and creatinine has been seen in some pa- 
tients who received 'Selacryn' and triamterene. 
Therefore, such a combination is not recom- 
mended 


Organic Acids: Like other uricosurics, ‘Selacryn’ 
may compete with some compounds for excretion 
sites in the nephron. This results in decreased ex- 
cretion and increased plasma levels of these 
agents. Some of the compounds which may com- 
pete with 'Selacryn' for excretion are amino- 
hippuric acid (PAH), penicillin, phenolsulfonphthal- 
ein (PSP), and salicylates. 'Selacryn' causes a de- 
crease in the excretion of penicillin and PSP. 
Salicylates have a slight inhibitory effect on the uri- 
cosuric action of 'Selacryn'. 


Lithium: Lithium generally should not be given 
with diuretics because they reduce its renal clear- 
ance and increase the risk of lithium toxicity. Read 
circulars for lithium preparations before use of 
such concomitant therapy with 'Selacryn'. 


ADVERSE REACTIONS 
Adverse reactions seen with 'Selacryn' (brand of 
ticrynafen) in controlled studies were approxi- 
mately the same as those seen with hydro- 
chlorothiazide. Except where noted, the following 
adverse effects seen with 'Selacryn' have been re- 
ported in a small number of patients, e.g., approxi- 
mately 1 in 100. Gastrointestinal: anorexia, 
nausea, vomiting, dyspepsia, cramping, diarrhea, 
constipation; Central nervous system: dizziness/ 
lightheadedness (totaled approximately 9 in 100), 
headache (approximately 4 in 100), paresthesia, 
syncope, vertigo, somnolence, insomnia; Cardio- 
vascular: orthostatic hypotension, palpitation; Hy- 
sitivity: rash, urticaria, pruritus, rare cases 
of fever and interstitial nephritis, which cleared on 
withdrawal of the drug, have been reported; how- 
ever, no causal relationship has been established. 
Other: fatigue /tiredness (approximately 4 in 100), 
hyperglycemia, glycosuria, muscle cramps, weak- 
ness, bitter taste and dryness in mouth. In gouty 
patients, exacerbation of gout, renal colic or cos- 
tovertebral pain. Abnormal liver function tests and 


Lowers Blood Pressure, 
Lowers Uric Acid 


jaundice have been reported in a few patients 
treated with 'Selacryn' (brand of ticrynafen); how- 
ever, no causal relationship has been established. 


The following adverse reactions have not been re- 
ported to date with 'Selacryn' but have occurred 
with thiazides or other diuretics: pancreatitis, si- 
aladenitis, xanthopsia, purpura, photosensitivity, 
necrotizing angiitis, Stevens-Johnson syndrome, 
respiratory distress, anaphylactic reaction, leuko- 
penia, agranulocytosis, thrombocytopenia, aplastic 
anemia, restlessness and transient blurred vision. 
DOSAGE AND ADMINISTRATION 

Adequate fluid intake should be maintained in nor- 
mal patients. Fluid intake should be increased for 
the first three days of therapy in dehydrated pa- 
tients or in patients in whom 'Selacryn' (brand of 
ticrynafen) is instituted as a replacement for other 
diuretics (See Precautions). 


Hypertension: The usual adult starting dose is one 
250 mg. tablet daily. Depending upon the re- 
sponse of the patient, after two to four weeks dos- 
age may be increased to 500 mg. as a single daily 
dose or one 250 mg. tablet twice a day. 


Although reduction of blood pressure may be seen 
within two to three days, three to four weeks may 
be required to achieve optimal therapeutic effect. 
When used with other antihypertensive agents, the 
dose of such other drugs should be reduced by 
one-half. Titrate to achieve optimal response. 


Salt and water retention states associated with 
congestive cardiac failure. The usual adult starting 
dose is one 250 mg. tablet daily. Depending upon 
the response of the patient, dosage may be in- 
creased to 500 mg. as a single daily dose or one 
250 mg. tablet twice a day. Daily dosage should 
not exceed 1000 mg. 


ACCIDENTAL OVERDOSE 

Diuretic overdosage may cause excessive diuresis 
with hypovolemia, postural hypotension and se- 
vere electrolyte imbalance. Excessive uric acid ex- 
cretion with massive doses of 'Selacryn' (brand of 
ticrynafen) may have the potential of producing 
urate nephropathy and renal failure. Appropriate 
therapy for overdosage should include restoration 
of fluid and electrolyte balance. Alkalinization of 
urine with sodium bicarbonate should be consid- 
ered if the acid-base status of the patient permits. 
When alkali is administered, the acid-base balance 
of the patient should be frequently monitored by 
laboratory tests. 

HOW SUPPLIED 

'Selacryn' (brand of ticrynafen) tablets are sup- 
plied as light blue, round, scored, monogrammed 
tablets of 250 mg. in bottles of 100, and in Single 
Unit Packages of 100 (intended for institutional 
use only). 
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Management of Surgical Complete Atrioventricular Block 








Because there is disagreement concerning the efficacy of and indication 
for permanent pacemaker implantation in children with postoperative 
complete (third degree) atrioventricular {A-V} block, experience in the 
management of this problem at one institution was reviewed. Thirty-four 
patients with postoperative complete atrioventricular block were identi- 
fied. They ranged in age from 4 months to 22 years and in weight from 4. 
to 60 kg and were evaluated from 1 month to 20 years postopera- - 
tively. c 
Complete A-V block developed within 24 hours of operation in 28 of 
the 34 patients. A permanent pacemaker was implanted in 13 of the 28. 
Death occurred in 4 of these 13 patients and in 5 of the remaining 15 pa- 
tients who did not have an artificial permanent pacemaker. Complete A-V 
block developed later than 1 day (2 days to 4 months) postoperatively — 
in 6 of the 34 patients; all 6 of these patients survived, and only 3 required 
permanent pacemaker implantation. E 
Intracardiac electrophysiologic studies were performed by 14 ofthe =~ 
34 patients. The site of complete block was above the His bundle in 5, — 
within the His bundle in 2, and below the His bundle in 4; it was undeler- — 
mined in 3. The results of intracardiac electrophysiologic studies are - 
important in delineating the natural history of surgically induced complete 
A-V block and in the clinical management of this lesion. Permanent 
pacemaker implantation is indicated if complete A-V block persists longer 
than 2 weeks postoperatively and if the site of the block is within or below 
the bundle of His. 








Complete atrioventricular (A-V) block is a recognized complication of... 
intracardiac repair of congenital heart defects.! It may be transientor —- 
permanent. Some patients who have had transient surgically induced. = 
complete A-V block later manifest permanent complete block requiring. — 
permanent pacemaker insertion.? In some instances of surgically induced 
permanent complete A-V block, the patient may have a supraventricular 
rhythm adequate to maintain normal cardiac function, may never have _ 
episodes of asystole and may not require permanent pacemaker im- ^ ^ 
plantation. Many patients with surgically induced complete A-V block. © 
will have episodes of asystole and require permanent pacemaker im- 
plantation. 

It is possible to localize the exact site of complete A-V block with in- < 
tracardiac electrophysiologic studies.? The site of the block may be above, 
within or below the bundle of His. If one knows the site of the complete- 
block, it may be possible to predict which patients with transient or 
permanent surgically induced complete block will require permanent 
pacemaker insertion to prevent asystole.*^ 

The purpose of this study was to review our experience at the Texas 
Children's Hospital in the management of patients with surgical 
duced complete A-V block and to determine whether intracardiac 
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electrophysiologic studies are of value in such man- 


agement. 


Methods 


: Selection of patients: We reviewed the hospital records 
-ofall children evaluated in the Section of Pediatric Cardiology, 

"Texas Children's Hospital who had intracardiac operations 
for a congenital heart defect during the 21 years from 1957 to 
1978. Any patient who had documented postoperative com- 
plete atrioventricular (A-V) block that persisted for at least 
2 weeks or until the patient's death was included in this 
study. 

We identified 34 patients operated on between 1957 and 
1978 who had postoperative complete A-V block. Approxi- 
mately 4,000 patients had intracardiac repair of congenital 
heart defects in that period of time. (Exactly 2,054 patients 
had intracardiac repair of congenital heart defects between 
January 1972 and May 1978; We estimated that 1,946 patients 


had operations between 1957 and 1972.) 


Intracardiac electrophysiologic studies: These were 
performed in 14 patients by methods previously described.36 
The anatomic site of complete A-V block was categorized 
- "according to the following method: The block was considered 

^to be above the His bundle if the ventricular depolarization 
potential was preceded by a His potential and if no His po- 
tential was identified after each atrial depolarization potential. 


"i. IfaHis potential was recorded after each atrial depolarization 


potential and a second His potential was recorded before each 
... ventricular depolarization potential, the site of the block was 
-considered to be within the bundle of His (Fig. 1). The site of 


[ the block was considered to be below the bundle of His if the 


:- ventricular depolarization potential was not preceded by the 
bundle of His potential but a His potential was recorded after 
each atrial depolarization (Fig. 2). 

Complete A-V block was defined as absence of any evidence 

“of anterograde A-V conduction. This required observation of 

-long strips of electrocardiograms in which P waves occurred 


LO 


CONTINUOUS 


A- H, = 100 msec | 
Hg V= 35 mec | 





at a time when A-V conduction should have occurred, without 
any variation by shortening of the R-R interval. Patients with 
sinus bradycardia whose P wave never occurred at a time when 
conduction could occur were excluded from this study. 


Results 
Clinical Features 


The 34 patients ranged in age from 4 months to 22.4 
years (mean 6.3 years) and in weight from 4 to 60 kg 
(mean 21 kg). These 34 patients have been evaluated 
from 1 month to 19.7 years (mean 4.2 years) after the 
onset of complete A-V block. In 7 cases follow-up eval- 
uation has extended to 5 years and in 5 cases to 10 years 
postoperatively. 

Fifteen patients had a ventricular septal defect; one 
had congenitally corrected transposition of the great 
arteries with ventricular inversion and ventricular septal 
defect, six had tetralogy of Fallot, five had an endocar- 
dial cushion defect, three had subvalve aortic stenosis 
(two of these three patients also had ventricular septal 
defects), two had Ebstein's anomaly, one had aortic 
stenosis with aortic valve replacement, one had d- 
transposition of the great arteries and one had a se- 
cundum type of atrial septal defect. In 28 of the 34 pa- 
tients complete A-V block developed less than 1 day 
postoperatively; in the remaining 6 it developed 2 days 
to 4 months postoperatively. 


Treatment 


Outcome of treatment in 28 patients who mani- 
fested complete A-V block less than 1 day postop- 
eratively (Fig. 3): Temporary pacing wires were in- 
serted in 17 of these 28 patients at the time of intra- 
cardiac repair of their congenital heart defect. A per- 
manent pacemaker was implanted in 8 of these 17 pa- 


FIGURE 1. intracardiac electrophysiologic re- 
cording from a patient with complete A-V block 
within the bundle of His. One His potential (H4) is 
i recorded 100 msec after atrial depolarization and 
a second His potential is recorded 35 msec before 
the ventricular depolarization. A = atrial depo- 
. larization; Hı and H; = His depolarization; HBE 19 
' = His bundle electrogram; L 1I = surface standard 
limb lead Il; V = ventricular depolarization. 
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tients; the remaining 9 received no permanent pace- 
maker. Four of the eight patients (50 percent) with a 
permanent pacemaker and three of the nine patients (33 
: percent) without a permanent pacemaker died. Three 
.~ of the four deaths in the patients with a permanent 
- pacemaker were related directly to an arrhythmia and 
. pacemaker failure. Of the three deaths in patients who 
. had no permanent pacemaker, one was related directly 
.to complete A-V block, one was unrelated to an ar- 
rhythmia and the third occurred suddenly at home 
|. without documentation of the exact cause. 
ES One patient had temporary pacing wires implanted 
|. 4 days after intracardiac repair of tetralogy of Fallot. 
This patient had a permanent pacemaker implanted 15 
days postoperatively and is alive. Temporary pacing 
wires were not implanted in 10 of the 28 patients. Four 
of these 10 patients subsequently received a permanent 
‘pacemaker; 6 had no pacemaker implanted. All four 
patients with a permanent pacemaker are alive. Two of 
- . the six without a pacemaker died, and in one of these 
two,ideath was related directly to complete A-V block. 





AE 


FIGURE 2. intracardiac electrophysiologic recordings = 
in a child who had intracardiac repair of a ventricular - 
septal defect. Top, 14 days postoperatively. The pa- ~ 
tient has complete A-V block below the His bundle. 


artificial pacemaker potential (Pi). Each atrial depo- $ 
larization potential is followed by a His bundle po- 
..-tentíal. The atrial to His (H) potential interval is normal. | 
ii AVF = surface lead aVF; HBE, and HBE, = His bundle 
|. electrograms; LRA = low right atrial depolarization. į- 
Bottom, 12 months postoperatively. The patient now |i 
< has sinus rhythm with a normal atrial to His potential : 
| 4LRA-H) interval but a prolonged His to ventricular p — 
(cC H-V) interval. ` 











Each ventricular depolarization (V) is preceded by an | evedlsnsmens 
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| 

Outcome of treatment in six patients who had 
complete A-V bleck more than 1 day postopera- . 


tively (Fig. 4): None of these six patients had tempo- _ c 
rary pacing wires implanted. A permanent pacemaker 





was implanted in three of them, and all six patients are _ : 


alive. 


Electrophysiologic Studies 


We performed intracardiac electrophysiologic studies 
in 14 of the 34 patients (Fig. 5). We localized the ana- 
tomic site of the complete A-V block above the buridle 
of His in 5 of the 14, within the bundle of His in 2 and 
below the bundle of His in 4. The site of the block could 
not be determined in 3 of the 14 patients. 

Complete A-V block above the His bundle (five 
patients): Only one of these five patients had a per- 
manent pacemaker implanted, and he now has a me- 
chanical pacemaker rhythm. Two of these five patients 
have sinus rhythm and first degree A-V block, one has 
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we ae 1 oe Tee 
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FIGURE 3. Outcome of.treatment 
2 l in 28 patients who had complete 
Survived Died Survived Died Survived Survived Died Survived Died ^ A-V block less than 1 day postop- 
4 4 6 3 1 4 0 4 2 eratively. 











sinus rhythm and one has complete A-V block and right 
bundle branch block. 
— Complete A-V block within the His bundle (two 
patients): These two patients required a permanent 
.pacemaker and now have a mechanical pacemaker 
- rhythm. 
- Complete A-V block below the His bundle (four 
. patients): Three of these four patients had a permanent 
 pacemaker implanted and now have mechanical pace- 
maker rhythm. One patient did not have a pacemaker 
-implanted and now has sinus rhythm, right bundle 
2 branch block and left anterior hemiblock. 
E Site of block unknown (three patients): None of 
_ these three patients had a permanent pacemaker im- 
planted. Two of them now have sinus rhythm and right 
^. bundle branch block, and one has sinus rhythm with 
~-aecelerated A-V conduction that was not apparent 
preoperatively. 





Discussion 


Reported indications for pacemaker implanta- 
tion: Disagreement exists about the efficacy of and in- 
dication for permanent pacemaker implantation in 
children with postoperative complete atrioventricular 
<. (A-V) block. Lillehei et al.’ reported that 60 percent of 

‘children with chronic surgical complete A-V block died 
“during the first postoperative year and an additional 20 
: percent died during the subsequent postoperative year. 











6 Patients 
Permanent No 
Pacemaker Permanent 
cs 3 Pacemaker 
b Survived Died Survived Died 
3 0 3 0 


|... FIGURE 4. Outcome of treatment in 6 patients who had complete A-V 
C block more than 1 day postoperatively. 
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However, other investigators indicated that the mor- 
tality of postoperative complete A-V block was much 
less. Hurwitz et al? managed 13 children with postop- 
erative complete A-V block that persisted longer than 
3 weeks postoperatively. They implanted a permanent 
pacemaker in 3 of the 13 and 1 of these 3 children died. 
Of the 10 children managed without a permanent 
pacemaker, 3 died. These investigators suggested that 
in selected patients, chronic postoperative complete 
A-V block could be managed successfully without a 
permanent artificial pacemaker. Murphy et al? rec- 
ommended permanent pacemaker implantation only 
for patients with syncope unresponsive to chronotropic 
drugs. Stanton et ai.1? recommended pacemaker in- 
sertion if (1) complete A-V block persisted longer than 
4 weeks postoperatively, (2) Stokes-Adams attacks oc- 
curred, or (3) congestive heart failure and low cardiac 
output occurred secondary to complete A-V block in 
infancy. 

Two major reasons account for the reluctance to 
implant permanent pacemakers in children: (1) The 
morbidity from frequent pacemaker battery changes or 
electrode replacement discourages the use of permanent 
pacemakers in children. (2) As several investigators have 
noted, some children with postoperative complete A-V 
block do not need a permanent pacemaker. Indeed, 
much of the reported confusion and disagreement 
concerning the natural history of postoperative com- 
plete A-V block in children stems from the variability 
of its natural history. which probably depends on the 
exact anatomic site of the block. It is likely that some 
of the children in our study who died could have been 
saved by pacemaker implantation. In addition, recent 
studies of artificial pacemaker reliability in children are 
encouraging.!!!2 Use of the newer, more reliable per- 
manent pacemakers may lower the high mortality rate 
of patients requiring artificial permanent pacemakers. 
All of the patients in our study who died were initially 
managed more than 4 years ago. 

An artificial pacemaker may fail to function for a 
number of reasons including random component fail- 
ure, lead breakage or detachment, increased pacing 
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FIGURE 5. Results of intracardiac Permanent No Permanent Permanent No No — 
electrophysiologic studies in 14 Pacing Permanent Pacing Pacing Permanent Permanent. 
patients. CAVB = complete A-V 1 Pacing 2 3 Pacing Pacing: 
block: 1° AVB = first degree A-V 4 1 3 c 
block; LAH = left anterior hemi- s 
block; PM = pacemaker rhythm; MH) 
RBBB = right bundle branch block; PM(1) 1° AVB(2) PM(2) PM(3) je LAH(1) wane 
SR = sinus rhythm; WPW = Wolff- SR) nus 3i 
_Parkinson-White syndrome. CAVB, RBBB(1) E 


— threshold, inadequate sensing with inappropriate 

stimulation and premature battery depletion. Among 
our four patients who died with a permanent pace- 
maker, random component failure occurred in one, 
sudden death preceded by an arrhythmia in another and 
failure of ventricular capture in another. The fourth 
patient died of causes unrelated to pacemaker mal- 
function. 

Recommended management: We propose that 
children with postoperative complete A-V block who are 
-at risk for asystole or fatal bradycardia can be identified 
with intracardiac electrophysiologic studies. Indeed all 
13 patients with postoperative complete A-V block 
whom we managed with knowledge of the anatomic site 
of block are alive. 

Our present approach to the management of chil- 


~ dren with postoperative complete A-V block is sum- 









marized in Figure 6. All children with surgically in 
duced complete A-V block should have temporary _ 
ventricular pacing wires implanted at the time of ope __ 
eration. External mechanical cardiac pacing can then 
be employed in the postoperative period if clinically _ 
indicated. We allow a 2 week postoperative period of _ 
observation for the patient to return to sinus rhythm. — 
Intracardiac electrophysiologic studies are performed __ 
2 weeks postoperatively if the patient (1) continues to 
have second and third degree A-V block, (2) has sinus __ 
rhythm but with a wide (greater than 100 msec) QRS _ 
complex, or (3) has first degree A-V block, right bundle — 
branch block and left anterior hemiblock. E 

We implant a permanent pacemaker in patients _ 
with persistent second or third degree A-V block whose _ 
site of block is within or below the bundle of His; we do __ 
not implant a permanent pacemaker if the site of block 
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FIGURE 6. Proposed management of HIS HIS HIS H-V H-V H-V HVO 
surgically induced A-V block. 1° AVB | | | | 
= first degree A-V block; LAH = left MEE S 
«anterior hemiblock; RBBB = right No Permanent No No No No No 
- bundle branch block. Pacemaker Pacemaker Pacemaker Pacemaker Pacemaker 
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is above the bundle of His. If the patient has sinus 
rhythm, a wide QRS complex and a normal His to ven- 
“tricular interval, we donot implant a permanent pace- 
maker. Although we do not implant a permanent 
pacemaker in an asymptomatic patient with sinus 
- rhythm, wide QRS complex and prolonged His to ven- 
tricular interval, we observe such a patient closely and 
~~ recommend pacemaker implantation at the first indi- 
-. cation of symptoms referable to complete A-V block. 





Similarly, we do not recommend permanent pacemaker 
implantation for a patient with first degree A-V block, 
right bundle branch block and left anterior hemiblock 
and a normal His to ventricular interval. However, in 
a patient with a prolonged His to ventricular interval, 
first degree A-V block, right bundle branch block and 
left anterior hemiblock, we implant a permanent 
pacemaker if any symptoms occur suggestive of com- 
plete A-V block. 
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An unusual form of atrioventricular (A-V) nodal reentry is described as. 
the underlying mechanism for incessant tachycardia in two children. - 
During tachycardia a fast pathway was utilized for anterograde conduction - 
and a slow pathway for retrograde conduction. This is the reverse of the 
usual form of A-V nodal reentrant tachycardia, in which the slow pathway | 
is utilized for anterograde conduction and the fast pathway for retrograde __ 
conduction. One patient had a smooth ventriculoatrial (V-A) conduction 
curve demonstrating exclusive utilization of the slow pathway for retro- : 
grade conduction. The other had a discontinuous V-A conduction curve __ 
demonstrating failure of retrograde fast pathway conduction with resultant — 
slow pathway conduction. In both cases the retrograde effective refractory __ 
period of the fast pathway was longer than that of the slow pathway, re- 
sulting in the establishment of this unusual reentry circuit. Both patients — 
had a superior P axis with a P-R interval shorter than the R-P interval _ 
during tachycardia, features described in a significant number of children 
with incessant tachycardia. This unusual form of reentrant tachycardia 
can be suggested by its electrocardiographic pattern and is another 
mechanism for reentrant tachycardia not previously documented in. 
children. 






Electrophysiologic delineation of the mechanisms of supraventricular. 
tachycardia is limited in the pediatric patient.’ Gillette! studied 35. 
children and observed several mechanisms responsible for tachycardia, _ 
including reentry through manifest or concealed anomalous pathways, 
atrioventricular (A-V) nodal reentry, sinoatrial nodal reentry, A-V nodal. = 
bypass reentry and atrial and junctional ectopic foci. Others? have - 
substantiated these mechanisms in infants and children. Clearly, reentry” — 
of some type appears to be the mechanism in the majority of cases of 
supraventricular tachydardia in adults^-!* and probably in children... — 
In reentrant tachycardia related to the usual form of dual A-V nodal. - 
reentry, a slow pathway is utilized for anterograde conduction and a fast - 
pathway for retrograde conduction.»9.511.1? Such a pattern was dem- 
onstrated in 10 children studied with electrophysiologic techniques.^? 
The reverse pattern — a fast pathway for anterograde conduction and — 
a slow pathway for retrograde conduction—occurs infrequently in 
adults?-11.13-16 but has not been documented electrophysiologically in _ 
children. During the electrophysiologic study of two children with re- 
sistant supraventricular tachycardia this unusual form of A-V nodal | 
reentry was demonstrated with use of the ventricular extrastimulu: 
technique. ue c 
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t 
Methods 


| Patients 


Patient 1: This boy, aged 7 years at the time of electro- 
physiologic study, had had tachycardia and irregular rhythm 
in utero. In the years after birth, several physicians remarked 

“about his unusual and fast “heart rhythm," but no further 
investigation or treatment was recommended because the 
child was asymptomatic. Eight months before the electro- 
physiologic study the boy was evaluated by a cardiologist and 
exhibited a constant tachycardia with momentary intervals 
of sinus rhythm on multiple examinations. An echocardiogram 
revealed right and left ventricular dysfunction and left atrial 
enlargement. The electrophysiologic study was undertaken 

- after the informed consent of the parents was obtained. The 

patient received Nembutal®, Phenergan®, Thorazine® and 

" Demerol hydrochloride? as premedication. 


Patient 2: This infant girl, 5 weeks old at the time of study, 
was hospitalized at age 2 weeks because of supraventricular 
tachycardia and was treated with digoxin. Subsequently, she 
was given propranolol in addition but the combined regimen 

was unsuccessful in controlling the arrhythmia. Despite the 
tachycardia, the infant was asymptomatic. An echocardiogram 
was normal except for a minimal increase in left atrial size. 
‘The informed consent of the parents was obtained, and car- 
dioactive drugs were withheld for 48 hours before the study. 
The infant received morphine sulfate during the study. 


: ~ Electrophysiologic Studies 


In Patient 1, a hexapolar electrode catheter was introduced 
“through an antecubital vein and advanced to the right ven- 
tricle. The distal pair of electrodes was utilized for ventricular 
pacing and the proximal two pairs for high right atrial pacing 
and high right atrial recordings, respectively. A tetrapolar 
electrode catheter was introduced into the right femoral vein 
and positioned across the tricuspid valve for recording low 
-septal right atrial and His bundle electrograms. 
In Patient 2, two tripolar catheters were introduced 
through the saphenous vein. One catheter was utilized for high 


ES right atrial and right ventricular pacing and the other for re- 


cording low right atrial and His bundle electrograms and for 
exploring the left and right atria during tachycardia. 

In both patients, surface electrocardiographic leads I, H, 
V4 and intracardiac electrograms were recorded simulta- 
neousiy on a multichannel photographic recorder (Electronics 
for Medicine DR-16) with a paper speed of 100 mm/sec and 
filter settings of 40 to 500 hertz, Programmed atrial stimula- 
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tion and rapid atrial pacing were unsuccessful because of the 
constant supraventricular tachycardia. Consequently, right 
ventricular pacing was undertaken at 1 or 2 cycle lengths. 
Ventricular extrastimulations (V4) were introduced at de- 
cremental intervals until the effective refractory period of the 
ventricle was reached. The stimuli had a duration of 2 msec 
and were delivered at about twice diastolic threshold with use 
of a programmed digital stimulator (Biocelestronic, Miami 
Springs, Florida). Atrial mapping was performed during the 
tachycardia with recording sites in the high right atrium, low 
septal right atrium, low lateral right atrium and left atrium, 
or the left pulmonary artery! for the left atrium in Patient 
1. 


Definitions 


Refractory periods and A-V conduction intervals were 
measured according to methods described by Castellanos et 
al.!8 Ay, H; and V, refer to low septal right atrial, His and 
ventricular deflections, respectively, induced by atrial or 
ventricular constant-driving stimuli. A», Hz and V» refer to 
deflections induced hy premature atrial or ventricular stimuli. 
The critical A-V or V-A nodal conduction time is the A-H or 
H-A (A-V or V-A if the H deflection is invisible) interval that 
induces echo beats or tachycardia.!?:1? Ae represents an atrial 
echo beat or atrial reentry. During echo beats or tachycardia 
the ratio of anterograde to retrograde conduction (Ae-H/H-Ae 
ratio) was determined as described by Akhtar et al.2° The 
Ae-H interval was measured from the end of Ae to the be- 
ginning of the H deflection in the low septal electrogram; H-Ae 
is the interval from the end of the H deflection to the begin- 
ning of Ae in the low septal electrogram. 

During ventricular pacing (V\-V1) and ventricular ex- 
trastimulation (Vi- Vz), A-V nodal His-Purkinje conduction 
was substantiated by the production of progressive prolon- 
gation of the V-A interval with decremental extrastimuli.? ^2? 
A discontinuous retrograde conduction (V;-V», V»-À5) curve 
reflects failure of conduction in the fast pathway and insti- 
tution of conduction over the slow pathway. The retrograde 
effective refractory period of the fast or slow pathway is the 
longest V;-V» interval at which V» fails to conduct in the re- 
spective pathway.!! 


Results 


Patient 1: The surface electrocardiogram revealed a su- 
praventricular tachycardia (rate 167/min) and a superior 
leftward P wave axis (Fig. 1). The P-R interval was short and 
the R-P interval long, with a P-R/R-P ratio during tachycardia 
of 0.43. 
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FIGURE 1. Case 1. Twelve lead electrocardiogram re- 
veals supraventricular tachycardia (rate 167/min). P 
waves are inverted in leads Il, Ht and aVF. The P-R/R-P 
ratio is 0.43. uet 
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| retrograde (H-Ae) conduction is 60/300. 








. The electrophysiologic study demonstrated a smooth V-A 
conduction curve (Vi-Vs, Vs-A5) at a driving cycle length of 
600 msec (Fig. 2). The slow pathway was utilized exclusively 
for V-A conduction, and its refractory period was 310 msec. 
‘There was progressive prolongation of V-A conduction time 
with decremental ventricular extrastimuli characteristic of 
retrograde A-V nodal-His-Purkinje system conduction. The 
zone of tachycardia encompassed V ;- V; intervals between 400 
and 320 msec; induction of tachycardia appeared to be de- 
. pendent on these critical coupling intervals. Figure 3 reveals 
that tachycardia was not induced at a coupling interval (S;-S;) 
of 410 msec (panel A) but was induced at a coupling interval 
of 400 msec (panel B). During tachycardia there was retro- 
grade activation with a low septal to high right atrial sequence 
(Fig. 4A); the ratio of anterograde to retrograde conduction 
time (Ae-H/H.Ae ratio) was 0.12. Low lateral right atrial and 

> leftatrial activation recorded from the left pulmonary arterial 
position occurred after low septal right atrial depolarization 
(Fig. 4, A and B). Tachycardia could be terminated by ven- 
tricular extrasystoles. 





Patient 2: The electrocardiogram (Fig. 5) revealed supra- 


ee ventricular tachycardia at a rate of 188/min and a superior P 


FIGURE 3. Case 1. A, ventricular extra- 
stimulus.(S,-S2) delivered at 410 msec with 
a right ventricular pacing cycle length of 
600 msec (S,-54.. Tachycardia is not in- 
duced. V-A conduction time with basic 


ni ; | A 
pacing (S4-A,) is 250 msec; V-A conduc- il A > pat 


tion time with the ventricular extrastimulus 
(Ss-A5) is 270 msec. B, ventricular extra- 


stimulus (S,-S;) delivered at 400 msec V- Ml p NS À 
^ i 


produces supraventricular tachycardia. 
V-A conduction time with basic pacing i 
(Si-Ad is 250 msec; V-A conduction time 
with the ventricular extrastimulus (S2-A5) 
is 290 msec. After tachycardia is estab- 
lished the ratio of anterograde (Ae-H) to 


A 


HBE = His bundle electrogram or low 
:septal right atrial electrogram; HRA = high 
*tight atrial electrogram. 
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FIGURE 2. V ;-V5, VA; conduction curve during right ventricular mV) z 
pacing at a cycle length (CL) of 600 msec. Solid dots represent i OW 
septal right atrial (LRA) activity; circled dots represent the tachycardia 
zone (400 to 320 msec}; crosses refer to high right atrial activity (HRA) 
The V ,-Va, V;-À; curve is continuous, with retrograde conduction: me 
ranging between 230 and 340 msec. 
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ES “wave axis. The initiation of the tachycardia occurred with a 
< normal sinus beat and terminated with a QRS complex that 


|. followed on a retrograde Wenkebach period (progressive 


-prolongation of the R-P interval) reflecting block in the ret- 
|. rograde V-A pathway (lead H, Fig. 5). During tachycardia the 
| —P-R interval was short and the R-P interval long, with a P- 
| SR/R-P ratio of 0.5. 


(n. The electrophysiologic study revealed a discontinuous V-A 


F : conduction curve (V1-V», Vo-As) (Fig. 6). The fast pathway 
- had a longer refractory period than the slow pathway, and 
-eonduetion failed at a V- Vs interval of 250 msec (the effective 


: . refractory period of the fast pathway); then the slow pathway 
| assumed retrograde conduction. Supraventricular tachycardia 


was induced whenever the slow pathway was utilized for V-A 
|^ conduction (Fig. 7, A and B). Figure 7 reveals that tachycardia 

Was not induced at a coupling interval of 260 msec and an 
:BSe-Ao interval of 120 msec (fast pathway conduction) (panel 
_ A) but was induced at a coupling interval of 250 msec and an 


| Ss-Ag interval of 210 msec (slow pathway) (panel B). Intra- 
| .— cardiac mapping during tachycardia demonstrated that ret- 


E -rograde atrial activation occurred first in the low septal right 
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atrium, preceding that in the low lateral right atrium, left 
atrium and high right atrium by 25,25 and 30 msec, respec- 
tively (Fig. 8, A te- D). During tachycardia the ratio of an- 
terograde to retrograde conduction (Ae-H/H-Ae ratio) was 
less than 1 (Fig. 8D). Tachycardia could be terminated by 
ventricular extrasystoles. Reinstatement of tachycardia fol- 
lowed progressive shortening of the sinus cycle length. 


Discussion 


Surface electrocardiographic identification of 
fast-slow A-V nodal reentrant tachycardia: Atrio- 
ventricular noda! reentry as an underlying mechanism 
for supraventricular tachycardia has been postulated 
on the basis of critical analyses of the surface electro- 
cardiogram.??-?? Electrophysiologic stimulation tech- 
niques have confirmed that dual A-V nodal pathways 
frequently provide the underlying mechanism for 
reentrant tachycardia in adults?95-12.14-16 and chil- 
dren. +° The most commonly reported A-V nodal reen- 
iry circuit involves a slow pathway for anterograde 





| "77 FIGURE 4. Case 1. Atrial mapping during tachycardia. A, 
: the low septal right atrium (HBE) is depolarized in retro- 
grade manner before the low lateral right atrium (LLRA) 
i or-the high right atrium (HRA). The ratio of anterograde 
f (Ae-H) to retrograde (H-A&) conduction is 45/330. B, the 
low septal right atrium (HBE) is depolarized in retrograde 
manner. before the left atrium, as indicated in the re- ° 
cording from the left pulmonary artery (LPA). 
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FIGURE 5. Case 2. Twelve lead electrocardiogram reveals supraven- 
tricular tachycardia (rate 188/min). The P waves are inverted in leads 
iHi, and-aVF. The P-R/R-P ratio is 0.5. Lead II demonstrates sponta- 
neous induction of tachycardia (beats 1 and 2 are sinus beats); beat 3 


: d$ the first beat of the tachycardia and initiates a retrograde Wenkebach 
7: period that terminates the tachycardia (beat 6) by block in the slow 


retrograde pathway. Lead Ili shows the same phenomenon (beats 1 
through 4); the tachycardia terminates with retrograde block; sponta- 
neous tachycardia recurs after two sinus beats (beats 5 and 6). 


B 5 
| lel 


FIGURE 7. Case 2. A, ventricular extrastimulus (S4-S5) de- 
livered at 260 msec with a right ventricular pacing cycle 
length of 400 msec (S,-51): Tachycardia is not induced. The 
V-A conduction time (S4-A) with basic pacing is 90 msec; 
the conduction time (S2-A5) with the ventricular extrastimulus 
» 48 120 msec (the fast pathway). HBE = His bundle electro- 
: gram. B, ventricular extrastimulus (84-5?) delivered at 250 
msec produces sustained tachycardia. The V-A conduction 
; time with basic pacing ($4-A4) is 90 msec; the V-A conduc- 
“tion time with the ventricular extrastimulus (85-A5) is 210 
msec (the slow pathway). 
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FIGURE 6. Case 2. V;-V2 V;5-A» conduction curve during right vare- 
tricular (RV) pacing at a cycle length (CL) of 400 msec. The small black: 
-circles represent conduction over the fast pathway (retrograde con- 
duction time [V2-A5] between 80 and 120 msec): The curve becomes 
discontinuous at a V ;- V» interval of 260 msec when there is à sudden. 
increase in V-A conduction time to 210 msec (the slow pathway rep- 
resented by large black circles). Tachycardia was always induced when : 
the slow pathway was utilized for retrograde conduction. : 
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conduction and a fast pathway for retrograde conduc- 
tion.9151246 The surface electrocardiogram may not be 
- helpful in the common type of reentrant tachycardia 
* because the P waves may be obscured by the QRS 
<- complex. This occurs because the fast conducting 
- pathway conducts the impulse in retrograde fashion to 
the atrium at nearly the same time that the slow con- 
ducting pathway transmits the impulse in anterograde 
fashion to the ventricle. In the uncommon form of A-V 
nodal reentrant tachycardia a fast pathway is utilized 
for anterograde conduction and a slow pathway for 
retrograde conduction.19.:1.:3-16 In this situation, the 
surface electrocardiogram is most helpful. Because 
retrograde atrial activation occurs by way of the slow 
pathway the P wave is inscribed far from the QRS 
complex, making it easily discernible and resulting in 
a long R-P interval; anterograde ventricular activation 
occurs. by way of the fast pathway, accounting for a short 
P-R interval. Therefore a P-R/R-P ratio of less than 1 
is supporting evidence for the fast-slow form of reen- 
trant tachycardia and is helpful in distinguishing the 
latter from a supraventricular tachycardia involving a 
concealed accessory pathway for retrograde (fast) 
conduction, because in the latter the P-R/R-P ratio is 
greater than 1.16 

Although a fast-slow form of A-V nodal reentrant 
tachycardia has not previously been documented in 
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FIGURE 8. Case 2. Atrial mapping during tachycardia with 
a cycle iength (CL) of 280 msec. A, retrograde depolar- 
ization of the high right atrium (HRA) occurs late with a 
conduction time {V-A} of 215 msec. B, retrograde de- 
polarization of the lateral right atrium (RA Lateral) occurs 
Slightly earlier. with a conduction time (V-A) of 210 msec. 
C, retrograde depolarization of the left atrium (LA) occurs 
at the same time as that of the lateral right atrium, with 
a conduction time (V-A) of 2 10 msec. D, retrograde de- 
polarization df the low septal right atrium (HBE) occurs 
earliest with a conduction time (V-A) of 185 msec. The 
| ratio of anterograde (Ae-H) to retrograde (H-Ae) con- 
| duction time is 45/205. 





pediatric patients, it is probably a common mechanism 
underlying the resistant form of supraventricular 
tachycardia in children. Coumel et a1.76?7 suggested that 
such a mechanism, although uncommon in adults, was 
common in persistent tachycardia in children. In their 
report” on eight children, they stressed the constant 
eleetrocardiographic features of a superior axis of the 
P wave and a P-R/R-P ratio of less than 1 during 
tachycardia. Other authors???? have commented on this 
pattern in children. Keane et al.?? reported 16 cases of 
resistent tachycardia and found a superior P wave axis 
in 69 percent and a short P-R and long R-P interval. As 
early as 1922 Gallavardin?? reported three cases of su- 
praventricular tachycardia that he distinguished from 
the usual form; in one of these three cases the P axis was 
superior and the P- R/R-P ratio was less than 1. He and 
his co-workers described similar cases in subsequent 
reports.91.32 

Continuous versus discontinuous V-A conduction 
curves: One may fail to demonstrate discontinuous A-V 
or V-A conduction curves in the presence of dual 
pathways when the refractory period of one of the 
pathways is very iong or when there is unidirectional 
block.9:33-35 In the fast-slow form of reentrant tachy- 
cardia one may demonstrate, with atrial extrastimula- 
tion, exclusive conduction over the fast pathway when 
the slow pathway has a longer refractory period than the ` 
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fast pathway.!9 In a similar manner, one may demon- 
.Strate with ventricular extrastimulation a continuous 
retrograde V-A conduction curve in which the fast 
. pathway has a longer refractory period than the slow 
.. pathway and V-A conduction proceeds only over the 
_ slow pathway.!9 The latter curve was demonstrated in 
- our Case 1. At a critical coupling interval the ventricular 
~ extrastimulus (V2), is conducted in retrograde manner 
-over the slow pathway and blocked in retrograde man- 
ner in the fast pathway. This allows reentry of the im- 
' pulse in an anterograde fashion over the fast pathway 
and permits institution of tachycardia. Although the 
study in Case 1 was limited by a single left atrial re- 
cording site (left pulmonary artery), a left-sided ac- 
cessory bypass appears unlikely because the depolar- 
ization at that site was considerably later than depo- 
larization of the low septal right atrium (Fig. 4B); ad- 
L ditionally, the A-V conduction curve demonstrated 
nodal conduction characteristics (Fig. 2). One may 
demonstrate a discontinuous V-A conduction curve 
during programmed ventricular stimulation when the 
fast pathway is utilized at longer and the slow pathway 
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at shorter cycle lengths.!^19 The latter curve was ob- 
tained in our Case 2. The fast pathway (retrograde di- . 
rection) was blocked at a critical cycle length, V-À 
conduction proceeded through the slow pathway, al- 
lowing anterograde conduction over the fast pathway 
and thereby establishing the circuit for reentrant. 
tachycardia. The findings in our two cases do not ex- 
clude the possibility of an accessory nodal-ventricular 
fiber (Mahaim) connecting the slow A-V nodal pathway — 
with the ventricles. = 
Thus, an underlying mechanism for incessant 
tachycardia of childhood has been documented elec- 
trophysiologically as a fast-slow form of A-V nodal 
reentry. The electrophysiologic findings correlate with 
a specific electrocardiographic pattern consisting ofa. 
superior axis of the P wave and a P-R/R-P ratioofless — 
than 1 during tachycardia. : 
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(chronic aortic regurgitation). ‘Greatly. increased values for the radius/ 


Left ventricular relative wall thickness, expressed as the ratio of end- —_ 
diastolic radius to wall thickness (R/Th ratio), has a constant relation with 
left ventricular systolic pressure in children and adults with a normal heart, 
subjects with physiologic forms of cardiac hypertrophy (athletes) and 
patients with- compensated chronic left ventricular volume overload 

























thickness ratio, suggesting inadequate hypertrophy, indicate a “poor 
prognosis in patients. with chronic aortic regurgitation and in those with 
congestive. cardiomyopathy; decreased values for this ratio are found in 
patients with hypertrophic cardiomyopathy (inappropriate hypertrophy) - 
and in patients with compensated aortic stenosis (appropriate hypertro- 
phy). In patients with compensated aortic stenosis, echocardiographic 
measurement of the left ventricular end-diastolic radius/wall thickness : 
ratio has been used to estimate left ventricular systolic pressure. Mea- 
surement of left ventricular relative wall thickness appears to provide — 
diagnostic and prognostic data in patients with a broad variety of cardiac - 
disorders. : 





Left ventricular “relative wall thickness,” expressed as the end-diastelie 
volume/mass (V/M) or end-diastolic chamber radius/wall thickness — 
(R/Th) ratio, has provided important diagnostic and prognostic infor- 
mation in patients with heart disease. It has also provided insight into _ 
some of the differences among the various forms of myocardial hyper- : 
trophy. 'The basis for these observations rests in the Laplace relation, 
which states that left ventricular wall stress (S) is directly proportional 
to intracavitary pressure (P) and chamber radius (R) and is inversely 
proportional to wall thickness (Th): S = P-R/Th. Systolic wall stress is 
normal and a constant relation between systolic pressure and. the ratio 
of chamber radius to wall thickness (R/Th) is maintained in the normal 
growing child.! This constant relation between pressure and the chamber 
radius/wall thickness ratio is also maintained in trained athletes® and 
in normal pregnant women’ {both of whom may have increased left 
ventricular chamber size) and in many patients with compensated val- 
vular heart disease.59? When sufficient hypertrophy does not develop 
in response to a hemodynamic load and normal systolic wall stress is not 
niaintained, the radius/thickness ratio may be increased. As will be seen, 
measurement of the end-diastolic ratio provides information that can 
be useful in analyzing a broad variety of cardiac disorders. The purpose 
of this review is to discuss the diagnostic and prognostic importance of 
the left ventricular relative wall thickness. A detailed analysis of th 
physiologic basis of these observations was presented in recent rev. liews 
by Ford! and Mirsky.” 
Left ventricular chamber volume, wall thickness and myocardial t mass 
have generally been measured in man using cardiac catheterization anc i 
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angiographic techniques, but in recent years echocar- 
diography has provided a noninvasive, safe and inex- 
pensive method of measuring left ventricular dimension 


a and wall thickness. Most of the information presented 
_ herein involves the chamber radius/thickness ratio 
determined from M mode echocardiographic mea- 


“surements. 
Relation Between Ventricular Radius, Thickness 
and Pressure 


Physiologic hypertrophy: The degree to which left 
ventricular muscle mass is appropriate for the chamber 


| size is reflected in the inverse relation between the left 
| — ventricular end-diastolic radius/thickness (R/Th) ratio 


and left ventricular systolic pressure; this relation is 


‘ "shown diagrammatically in Figure 1. The area labeled 
* “normal LV” encompasses not only the normal heart 


= (of children as well as adults),! but also the enlarged 
| heart of the marathon runner? and the volume-loaded 
heart of the normal pregnant woman.’ Thus, the in- 
creased left ventricular muscle mass seen in these 
subjects can be considered a normal or physiologic form 
|. of cardiac hypertrophy. The hearts of many patients 
with chronic compensated left ventricular volume 
"overload (that is, chronic aortic regurgitation) would 


| also be included in this normal area^5; in such patients, 


left ventricular hypertrophy must be considered ap- 
-propriate and compensatory. 
Appropriate versus inappropriate and inade- 
quate hypertrophy: Systolic blood pressure is elevated 


| and the radius/thickness ratio is low in patients with 


appropriate left ventricular hypertrophy (secondary 
to aortic valve stenosis) (Fig. 1); such ventricles appear 
to have moved to a low portion of the compensated ra- 


| . dius/thickness ratio versus pressure relation. Most pa- 
|. tients with nonobstructive hypertrophic cardiomyop- 


- athy also have a low ratio with a normal left ventricular 
systolic pressure; this (downward) shift from the normal 
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LV SYSTOLIC PRESSURE 


t. FIGURE 1. Diagrammatic representation of the relation between left 


ventricular (LV) end-diastolic radius/wall thickness (R/Th) ratio and 
systolic pressure. This relation reflects the degree to which left ven- 
tricular muscle mass is appropriate or adequate for chamber size. In 
patients with compensated aortic stenosis (appropriate hypertrophy), 
echocardiographic measurement of the sadius/thickness ratio has been 
used to estimate left ventricular systolic pressure. 


radius/thickness ratio versus pressure relation implies 
inappropriate hypertrophy. Patients with chronic 
congestive cardiomyopathy may show a high radius/ 
thickness ratio and a normal left ventricular systolic 
pressure; in this instance, the ratio versus pressure 
coordinate is shifted upward and to the right, implying 
inadequate hypertrophy of the ventricle (insufficient 
muscle mass relative to chamber volume). 

These three situations exemplify long-term changes 
in the radius/thickness ratio, but certain acute changes 
in the ratio can also be examined within the framework 
of Figure 1. For example, aortic valve replacement for 
aortic stenosis may normalize left ventricular systolic 
pressure, but in the early postoperative period a low 
radius/thickness ratio persists; in this manner, the 
ventricle undergoes acute conversion from appropriate 
to inappropriate hypertrophy, and only after the re- 
gression of myocardial hypertrophy will the ratio return 
to normal. Also, in patients with acute left ventricular 
failure and dilatation or in those with acute aortic in- 
sufficiency, the radius/thickness ratio would be ex- 
pected to show an upward and rightward shift. Although 
this would ordinarily suggest inadequate hypertrophy, 
such a conclusion might be open to question because 
there would not have been sufficient time for a hyper- 
trophic response. These examples of acute changes in 
the radius/thickness ratio must be interpreted in the 
light of the acute hemodynamic alterations, and under 
most circumstances this analysis is most useful in the 
presence of chronic alterations in relative wall thick- 
ness. 

In summary, coordinates that lie above the physio- 
logic or compensated radius/thickness ratio versus 
pressure relation indicate inadequate hypertrophy (and 
elevated systolic wall stress), and coordinates that lie 
below this relation indicate inappropriate hypertrophy 
(and low wall stress). Coordinates that are on the normal 
line or relation (normal wall stress) indicate a physio- 
logic form of hypertrophy, which occurs in athletes, or 
appropriate hypertrophy, which occurs in compensated 
aortic valve disease. The normal inverse relation be- 
tween end-diastolic radius/thickness ratio (R/Th) and 
systolic pressure is approximated by the equation of 
Ford! (R/Th = 1/0.0027P, where P is left ventricular 
systolie pressure); in normotensive subjects, this ratio 
averages 3.0 + 0.7 (mean + 2 standard deviations).® 


The Athiete’s Heart 


Cardiomegaly, gallop rhythms and electrocardio- 
graphic abnormalities are often present in the trained 
athlete. Although such findings often indicate cardiac 
disease in the sedentary population, it is now apparent 
that repetitive dynamic exercise results in a physiologic 
form of cardiac hypertrophy. Roeske et al.9 reported 
echocardiographic measurements of left ventricular 
dimensions and performance in a group of professional 
athletes. On the basis of increased right and left ven- 
tricular dimensions as well as increased left ventricular. 
wall thickness (compared with that of control subjects 
matched for age and body size), they concluded that 
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cardiac hypertrophy was present in these athletes; left 
ventricular end-diastolic dimension and posterior wall 
thickness averaged 53.7 + 1.3 and 11.1 + 0.6 mm, re- 
spectively, i in the athletes and 49.9 + 0.7 and 9.8 + 0.3 
mm in the control group. In these athletes, left ven- 
tricular function (as judged from the extent and velocity 
of circumferential fiber shortening) was not significantly 
different from that of the control subjects. Despite the 
"presence of left ventricular enlargement and of elec- 
trocardiographic, vectorcardiographic and phonocar- 
diographic findings that are generally considered ab- 
normal, normal systolic performance was taken as evi- 
dence that the athletes were "free of organic cardio- 
vascular disease." If the left ventricular end-diastolic 
radius/thickness ratio is estimated from the average 
ventricular dimension/thickness data reported by 
Roeske et al., the values for the group of athletes (2.6) 
and the control group (2.4) are similar. Thus, despite 
significant left ventricular enlargement in the athletes, 
- the (radius/thickness) (or the volume/mass) ratio is 
essentially normal. This normal relation between left 
ventricular chamber size and myocardial mass can be 
considered evidence for a physiologic (normal) form of 
cardiac hypertrophy in trained athletes. 








Congestive Cardiomyopathy 
In a study of 36 patients with cardiomyopathy and 
depressed ejection fraction, Feild et al.? observed that 
the degree of relative hypertrophy, expressed as the 
mass/volume ratio, influenced survival. Left ventricular 
chamber size, function and mass were determined an- 
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MONTHS AFTER CATHETERIZATION 


FIGURE 2. Survival rates after cardiac catheterization for 36 patients with congestive cardiomyopathy reported on by Feild et a? The patients w 
grouped according to the mass/volume {M/V} ratio and the systolic ejection fraction (EF). The three figures in parentheses at each data point | 
* (from left to right) the number of patients alive at the beginning cf the time interval, the number who died during the interval, and the number who 
had not yet reached the next interval. A low M/V ratio indicates a poor prognosis in both ejection fraction groups. (Reprinted from Feild et sts with 


permission of the American Heart Association, Inc.) 
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giographically; end-diastolic volume ranged from 104 
to 347 ml/m? body surface area, and the systolic ejection — 
fraction ranged from 0.09 to 0.41. In these patients, the 
systolic ejection fraction and the mass/volume ratio __ 
were then related to the subsequent clinical course. 
The postcatheterization survival rates for these. 
patients are shown in Figure 2. Data from the 15 
tients with an ejection fraction greater than 0.20 are 
compared with the data from the 21 patients with an - 
ejection fraction smaller than 0.20; each of these twe 
groups are further classified according to the mass, 
volume ratio. Although the survival rate appears to b 
related to the ejection fraction, it also appears to be 
lower when ventricular hypertrophy is inadequati 
(mass/volume ratio 0.90 or less) than when it is appro-- 
priate for the degree of left ventricular dilatation 
(mass/volume ratio 0.90 or more). When the mass/vol 
ume ratio was related to the precatheterization duratio 
of dyspnea and to the survival of patients with a rece: 
onset of dyspnea, a higher mass/volume ratio agal 
correlated with greater degrees of compensation anc 
with longer survival. Feild et al. concluded that bot! 
systolic performance and the degree of hypertrophy are 
important in determining survival in patients with 
congestive cardiomyopathy, and they further suggested 
that “.. the degree of hypertrophy influenced survival, 
at least in part, independent of the level of ventricular | 
function as expressed by ejection fraction." Ix 




























Chronic Aortic Regurgitation 


"The preoperative end-diastolic radius/thickness ratio — 
has recently been proposed? as a prognostic index in __ 
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patients undergoing eortic valve replacement for 
chronic aortic regurgitation. In a group of 19 patients 
|. With chronic aortic regurgitation followed up with serial 
_ postoperative echocardicgraphic left ventricular studies, 
_ 15 showed a significant reduction in end-diastolic di- 
| mension or volume and a significant regression of 
. myocardial hypertrophy (satisfactory postoperative 
result); 4 additional patients failed to show a reduction 
in left ventricular volume or mass after aortic valve re- 
_ placement. When preoperative data were examined in 
_ asearch for indexes that might predict the outcome of 
-- aortic valve replacement, it became apparent that those 
patients with a much higher than normal preoperative 
radius/thickness ratio did not have an optimal surgical 
result. In the 15 patients with a satisfactory postoper- 
. ative result, the preoperative radius/thickness ratio was 
3.9 or less; the 4 with a preoperative ratio of 4.0 or more 
-failed to show a significant reduction in left ventricular 
volume or muscle mass.? 
— The preoperative data (radius/thickness ratio and 
left ventricular systolic pressure) from these 19 pa- 
tients with. chronic aortic regurgitation are shown in 
Figure 3; the normal range for radius/thickness ratio 
= versus systolic pressure is shown by the broken line, and 
data from 12 patients with mild aortic regurgitation are 
shown for reference. The curvilinear line relating ra- 
dius/thickness ratio to left ventricular systolic pressure 
is derived from Ford's equation.! Such normalization 
_ for pressure is essential in the interpretation of these 
data. Preoperative data from the patients with a satis- 
factory result lie slightly above and to the right of nor- 
mal; the data from the patients with persistent post- 
operative left ventricular enlargement lie even further 
up and to the right. This marked deviation from the 
normal radius/thickness ratio versus pressure relation 
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LV SYSTOLIC PRESSURE (mmHg) 


-FIGURE 3. The relation between left ventricular (LV) end diastolic 
faidus/wal! thickness (R/Th) ratio and systolic pressure (P) in 31 patients 
-with chronic aortic regurgitation (A. R.). The area enclosed by the 
- broken line defines the range of normal values. The data from 12 pa- 
"tients with mild aortic regurgitation (open circles) lie within or near the 
t^. normal range. The curvilinear line and the regression equation are from 
othe study of ig Fordi Preoperative data from 19 patients who underwent 
_ aortic valve replacement are shown: 15 (Group 1, closed circles) ex- 
| perienced a satisfactory postoperative result and 4 (Group 2, closed 
| Squares) a less than satisfactory result. See text for details. 





reflects a failure of hypertrophy to match the chronic 
volume load imposed on the ventricle (inadequate hy- 
pertrophy). It thus appears that the relative degree of 
left ventricular hypertrophy has important prognostic 
value in patients with chronic aortic regurgitation as 
well as in those with congestive cardiomyopathy. 


Aortic Stenosis 


Estimation of left ventricular pressure from ra- 
dius/thickness ratio: In patients with aortic stenosis, 
the noninvasive estimation of left ventricular systolic 
pressure can be an important clinical application of the 
echocardiographic measurement of the radius/thickness 
ratio. Because left ventricular systolic wall stress re- 
mains normal in patients with compensated aortic 
stenosis (appropriate hypertrophy), Bennett et al? 
reasoned that systolic relative wall thickness should be 
an index of systolic wall stress. In these studies, systolic 
relative wall thickness was taken as the ratio between 
end-systolic wall thickness and end-systolic cavity di- 
mension (systolic thickness/dimension ratio). Their 
rationale was based on knowledge that wall stress 
(force/unit cross-sectional area of muscle) is directly 
proportional to pressure and radius and is inversely 
proportional to wall thickness; if systolic wall stress is 
normal, then pressure should be predictable from 
measurements of radius and wall thickness. Using 
echocardiography in 63 patients with and without aortic 
valve disease; Bennett et al. measured systolic thick- 
ness/dimension (Th/D} ratio and found that left ven- 
tricular peak systolic pressure could be estimated from 
the formula: left ventricular pressure = 225 Th/D. Peak 
systolic aortic valve gradients compared well with the 
gradients measured at the time of cardiac catheteriza- 
tion. Bennett et al. were aware that left ventricular peak 
systolic pressure did not occur at the same time as the 
measured systolic thickness/dimension ratio, but this 
theoretical limitation did not preclude their use of the 
latter ratio as à predictor of left ventricular systolic 
pressure. 

On the basis of obest atians of Grossman et aL? (that 
the thickness/radius ratios at end-diastole and at peak 
systolic stress are quite similar), Aziz et al.4 were able 
to estimate left ventricular peak systolic pressure from 
the end-diastolic thickness-radius (Th/R) ratio. The 
use of the end-diastolic Th/R ratio as an index of peak 
systolic stress.appealed to them, “because left ventric- 
ular peak wall stress occurs in early systole in close 
temporal relation to the left ventricular peak systolic 
pressure at a point in the cardiac cycle when no signif- 
icant left ventricular wall thickening has occurred and 
when the Th/R ratio is approximately equal to the 
end-diastolic Th/R ratio.” Left ventricular systolic 
pressure was determined from the formula: pressure = 
6 + 298 (Th/R), where Th/R is the ratio between dia- 
stolic wall thickness and the chamber radius. As did 
Bennett et al., Aziz et al. emphasized that this nonin- 
vasive method of estimating left ventricular peak sys- 
tolic pressure was useful only in the absence of myo- 
cardial decompensation. Although a statistically sig- 
nificant correlation exists between left ventricular rel- 
ative wall thickness and systolic pressure, in the indi- 
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vidual patient the predictive valué of this technique is 
- limited, and it is likely that further refinements will be 
necessary before it can be used extensively as a clinical 
tool. 10, H 
End-diastolic versus end-systolic thickness- 
dimension data: Several other groups? have suc- 
cessfully used similar methods, and all are in agreement 
that the ratio of wall thickness to chamber size at end- 
_ systole can be used to estimate left ventricular systolic 
pressure. Although the use of end-diastolic thickness/ 
dimension data has not been tested extensively, there 
are several reasons to believe that end-diastolic data 
should be at least as useful as end-systolic data. First, 
there are the theoretical arguments that peak systolic 
Stress occurs near end-diastole and that end-diastolic 
thickness/radius ratio is very similar to the ratio at peak 
stress. Second, end-diastolic dimension and wall 
thickness measurements appear to be more reproduc- 
ible than end-systolic measurements.!? Third, if frac- 
tional shortening of the circumference or diameter is 
normal and the fractional increase in wall thickness is 
normal, then the end-systolic thickness/radius ratio 
must be related to the end-diastolic ratio; thus, when 
left ventricular function is normal, there should be little 
difference between the conclusions derived from one 
method or the other. This is evident when one uses the 
combined data of Bennett and Aziz and co-workers? 
(Fig. 4). The linear correlation coefficient between 
end-systolic radius/thickness ratio and peak systolic 
pressure (r = 0.69) is similar to the correlation coeffi- 
cient between end-diastolic radius/thickness ratio and 
peak systolic pressure (r = 0.75). 


wall thickness (R/Th) ratio (upper panel) and end-diastolic 
Ri/Th ratio (lower panel) are plotted against left ventricular 
systolic pressure in 42 patients with aortic stenosis. 
These data, derived from echocardiographic and cardiac 
catheterization measurements, were generously supplied 
by Bennett et al.* (triangles) and by Aziz et al.* (circles). 
5i. In patients with compensated aortic stenosis, it appears 
that left ventricular systolic pressure may be estimated 
from either the end-diastolic or the end-systolic radius/ 
thickness ratio. See text for details. 
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Conclusions 


The data reviewed herein emphasize the potentia 
clinical utility of the radius/thickness ratio in a broad - 
variety of cardiac conditions. In the physiologic cardiac - 
hypertrophy seen in the trained athlete and in the ap 
propriate hypertrophy seen in the patient with com. 
pensated chronic aortic regurgitation, both left ven- 
tricular chamber size and wall thickness are increased - 
so that the ratio remains normal. An increased radius/ 
thickness ratio (one that clearly exceeds the normal - 
value of 3.0 + 0.7) indicates a poor prognosis in patients . 
with chronic aortic regurgitation, and a similar con- 
clusion is warranted in patients with congestive car- 
diomyopathy. In compensated aortic stenosis, the left _ 
ventricular wall thickness is increased without an as 
sociated increase in chamber size, and thus the ratio i 
decreased. The inverse relation between radius/thick 
ness ratio and systolic pressure (Fig. 1) allows the non 
invasive estimation of left ventricular systolic pressur 
in groups of patients with aortic stenosis and appro 
priate left ventricular hypertrophy; such estimates 
appear theoretically sound and are statistically valid 
but unfortunately the predictive value in any individual _ 
patient appears limited.!? = 

Limitations of the radius/thickness ratio asa 
clinical tool: These probably originate in problems 
with the accuracy and reproducibility of the echocar- _ 
diographic measurements.? We and others" have _ 
previously concluded that small (less than 2 mm) _ 
changes in the echocardiographic left ventricular di- 
mension do not represent clinically significant changes. € 
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RADIUS TO WALL THICKNESS RATIO-—-GAASCH 
* 


.— in ventricular volume. In the calculation of left ven- 


<= tricular volume, the results of measurement errors are 
» magnified because volume is a cube function of the ra- 
_ dius. Measurement errors can also significantly influ- 
ence radius/thickness ratio, even in the absence of a 
cube function. For example, if a patient with chronic 
-aortic regurgitation has a 7 cm end-diastolic dimension 
© and a wall thickness of 1 cm, the R/Th ratio is 3.5; a 2 
^mm measurement error in end-diastolic dimension (1 

mm error in radius) at a constant wall thickness of 1 mm 
yields an R/Th ratio of 3.4 to 3.6. However, if the 1 mm 
radius error is associated with a (directionally opposite) 
~ error in the wall thickness measurement, the R/Th value 

is influenced to a much greater degree; if radius is 
"measured as 3.4 em and the wall thickness as 1.1 cm, the 

R/Th ratio is 3.1, and if the radius is measured as 3.6 cm 


. .and the wall thickness as 0.9 cm, the R/Th ratio is 4.0. 
_. Thus, in this example, relatively small measurement 
'* errors can significantly influence the R/Th ratio. 


E Similarly, if a patient with aortic stenosis has an 

-end-diastolic dimension of 4 cm (radius = 2 cm) and a 
_ wall thickness of 1 cm, the estimated left ventricular 
_ systolic pressure would be 155 + 13 mm Hg.* However, 
|. 81mm additive error (as in the example given of aortic 
<- regurgitation) results in a left ventricular systolic 


«pressure ranging from 134 + 13 mm Hg (for a thick- 


- ness/radius ratio of 0.9/2.1) to 179 + 13 mm Hg (fora 
ratio of 1.1/1.9). Thus, in this example, a 1 mm additive 
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measurement error fesults in approximately a 20 mm 
Hg difference in left ventricular systolic pressure. Small 
measurement errors potentially limit the extensive use 
of the ratio in clinical cardiology; our present methods 
of measuring left ventricular radius and wall thickness 
need improvement. 

Other potential clinical applications: In addition 
to the studies summarized in this review, other data 
indicating several other potential applications of the 
radius/thickness ratic also deserve critical investigation. 
Preliminary data suggest that the ratio has value in the 
search for the origins of altered left ventricular diastolic 
compliance?:1& continued research in this area is indi- 
cated. The radius/thickness ratio might also be a key to 
the progression or regression of myocardial hypertrophy 
in serial studies of patients under treatment for arterial 
hypertension.!? Furthermore, the extent to which mixed 
valve disease alters the radius/thickness ratio is not 
known, and the prognostic value of the ratio in mitral 
valve disease has not been defined. These potentially 
fertile areas of future research remain to be explored, 
and the studies reviewed herein require confirmation 
and refinement. 
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SEMINAR ON THROMBOSIS 
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JACOB |. HAFT, MD 
Newark, New Jersey 


Since the initial description of myocardial infarction 
and the demonstration that occluding clots in the cor- 


^: onary circulation are associated with infarction and 


sudden death, the mechanism of thrombus formation 
and methods to control clotting have been of interest 
to cardiologists and other physicians who treat patients 
with heart disease. The discovery that many patients 
with myocardial infarction die of pulmonary emboli 
added impetus to the performance of clinical trials of 
anticoagulation in patients. admitted to the hospital 
with myocardial infarction. The initial studies dem- 
onstrated an impressive beneficial effect of anticoagu- 
lation, and very soon the use of heparin and warfarin, 
or its derivatives, was as routine in the management of 
the patient with a heart attack as was the use of oxygen, 
sedation and bed rest. As further well controlled studies 
were carried out, the initial overwhelming enthusiasm 
began to abate. The less impressive results with regard 


to the effect on death rate may have been due to better 
: study design. However, earlier ambulation and other 
| methods to decrease the incidence of venostasis and 
x deep vein thrombophlebitis also may have played a part 


in decreasing the difference in mortality between pa- 
tients receiving anticoagulant therapy and control 


` Subjects. Throughout the late 1950's and into the 1960's 





numerous debates were conducted in the medical 
journals and at national meetings as to whether the 
benefit of anticoagulation outweighed the potential of 
bleeding complications. Cardiology rounds in hospitals 
throughout the country frequently discussed when and 
how to use anticoagulation in patients with myocardial 
infarction. "Definitive" study after "definitive" study 
appeared that purported to solve this clinical di- 
lemma. 

With the large incidence of thrombophlebitis and 
pulmonary embolism that often follows myocardial 


. infarction, the management of thrombophlebitis not 
- mecessarily associated with infarction has also become 
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the province of cardiologists in many hospitals. Over the. 
years this development has led to the creation of more 







phlebitis and of many techniques, including small dose’ — 
heparin therapy, for preventing its occurrence. : 

The use of antifibrin anticoagulation has been of- 
value in decreasing the incidence of thrombophlebitis | 
and systemic emboli but has not been effectivein pre- — 
venting the progression or recurrence of myocardial — _ 
infarction. Recently, attention has been turned to blood. 
platelets and their role in the origin of myocardialin- __ 
farction. Blood platelets have been known for sometime — 
to play the initiating role in the formation of clots inthe- | 
arterial system, maintaining the integrity of the vascular | 
system and preventing bleeding. Inappropriate platelet 
aggregation in the arterial system could theoretically 
lead to occlusion of a narrowed area in a coronary artery — — 
and result in myocardial infarction. The availability of 
a wide variety of drugs already in use for other indica- 
tions that also have inhibiting effects on platelet __ 
aggregation have led to trials of antiplatelet drugs in __ 
patients with coronary artery disease. The report inthe -. 
winter of 1978 of a beneficial effect of sulfinpyrazonein — 
preventing death in patients with myocardial infarction- _ 
has brought this newer method of affecting the clotting _ 
mechanism to the attention of cardiologists and phy- 
sicians who manage patients with coronary artery dis- © 
ease. It has also excited interest in the lay public through 
various media reports. The theoretical suggestion that 
platelets may play a part in the origin of the arterio- 
sclerotic plaque has led to further interest in antiplatelet 
therapy. TX 

The three papers in this Seminar review the current 
thinking on the use of anticoagulation in the manage- 
ment of coronary artery disease and thrombophlebitis __ 
and discuss the available data linking blood platelets 
with coronary artery disease and with myocardial it in- 
farction. 

In their paper, Frishman and Ribner reviewthecur- —— 
rent status of anticoagulation in the management of — . 
myocardial infarction. They discuss the value of anti — — 
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coagulation in the prevention of deep vein thrombosis 
and pulmonary embolism in patients with infarction. 
_. They also cover the value of anticoagulation in pre- 
— t venting peripheral and cerebral arterial emboli, further 
t-s complications that occasionally change a benign post- 
_. infarction course into a catastrophic one. The compli- 
. cations of anticoagulant therapy and the various forms 
of anticoagulation are presented and the use of small 
_ dose heparin therapy after myocardial infarction is 
discussed. Recommendations are presented as to which 
patients should receive anticoagulant therapy, for how 
long and using what regimens. 

New techniques for diagnosis and prevention of 
|. thrombophlebitis are reviewed by Sasahara, Sharma 
. and Paresi. In recent years more precise methods for 
|. detecting early venous thrombosis have been developed. 
* -Sasahara et al. discuss in depth the relatively new 

5: technique of impedance plethysmography, which ap- 
_ pears to be a sensitive and relatively specific method for 
- = - noninvasively documenting venous occlusion and for 

confirming the diagnosis of pulmonary embolism. Sa- 
_ sahara et al. discuss the data available on the benefit of 
-< small dose heparin therapy, dextran and antiplatelet 
-aggregating agents used for this purpose. Physical 
measures such as elevation of the legs, use of elastic 
_ stockings and early ambulation remain to be fully 
- proved as effective preventative measures. Intermittent 
-~ calf muscle compression with the external pneumatic 
-boot has recently received attention as an effective 
* ^ measure in many patients for prevention of venous 
-. thrombosis. The authors review the data supporting the 
—use of this device, especially in patients who are not 
candidates for small dose heparin therapy. 




















The final paper in the Seminar presents the data 
leading to the concept that blood platelets play a role 
in coronary artery disease. Evidence is available that 
platelet aggregates forming inappropriately in the 
vasculature of the heart can cause ischemic damage. 
Platelet aggregates can stimulate spasm and may be an 
initiating factor in the origin of the arteriosclerotic le- 
sion. Most of the coronary risk factors have been found 
to be associated with platelet function abnormalities. 
Findings such as these have been the stimulus for the 
performance of a number of clinical studies that have 
explored the value of various platelet aggregation in- 
hibiting drugs in the prevention of infarction or death 
in patients with coronary artery disease. The results of 
the studies of clofibrate, aspirin and the recent report 
of the use of sulfinpyrazone for this purpose are pre- 
sented and discussed. Although all of the data on the 
value of the antiplatelet drugs is not yet formulated, on 
the basis of what is available, recommendations as to the 
use of these agents are presented. 

Modification of the clotting mechanism has now be- 
come a recognized form of therapy. Although the “de- 
finitive" study with regard to the use of antifibrin drugs 
has not yet been performed, the large accumulation of 
data justifies the reasonable use of these agents. Anti- 
platelet therapy in coronary disease is only in its early 
stazes now and further reports are needed that will 
define its theoretical benefit. It. is our hope that this 
short symposium will serve to clarify the role of therapy 
aimed at modification of blood clotting in cardiovas- 
cular disease and to provide the background material 
with which the treating cardiologist can evaluate further 
developments in this field. 
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Over the past decade, research in blood platelet physiology has led to the 
suggestion that platelets play an important part in the pathogenesis and _ 
complications of coronary artery disease. Occlusive intravascular platelet 
aggregates have been shown to cause ischemic myocardial damage in 
the experimental animal and to be present in some patients who die 
suddenly. The interplay between endothelial damage and platelet 
aggregation has been implicated in the etiology of atherosclerosis. 
Products released from platelets during aggregation may cause arterial - 
spasm. Patients with overt ischemic heart disease and with the risk factors _ 
associated with coronary artery disease have been found to have ab- 
normally reactive platelets. 
Clinical studies of drugs that inhibit platelet aggregation have bes 
reported to show a beneficial effect in preventing cardiac deaths 
myocardial infarction; other studies have been negative or shown only 
a trend toward benefit. This report reviews the theoretical and experi- 
mental basis for the platelet hypothesis and the current data on the use 
of antiplatelet drugs in patients with coronary disease. "s 





In recent years, blood platelets and the possible role they play in ihe 

etiology and natural history of coronary artery disease have attracted 
increasing attention among researchers and cardiologists. The reasons 
for this interest have included theoretical considerations concerning. 
platelet physiology and function, epidemiologic findings relating coro- 
nary risk factors with abnormalities in platelet function and clinical — 
findings of an increased incidence of abnormal platelet function among - E 
patients with coronary artery disease. These data have been the stimulus 
for several clinical drug studies, one of which, the sulfinpyrazone study, 
has excited dramatic reports in the lay press of a breakthrough in pre- 
venting myocardial infarction. It is the purpose of this paper to review — 
current thinking on the relation of platelets to coronary artery disease — 
and to present the current status of antiplatelet aggregation therapy in 
the management of coronary artery disease. ce 


Blood Platelet Physiology! 


Blood platelets act as the first defense of the body against ia 
rhage. They circulate in the bloodstream as elliptical flat discs. When — 
stimulated, usually by a break in the endothelial lining of a blood vessel. — 
they are attracted to the defect, they round up, develop pseudopods, — xi 
become sticky and adhere to the abnormal area, forming a plug that — __ 
repairs the defect and reestablishes the continuity ofthesmoothendo- 
thelial surface. The platelet is a complex structure. Although lackinga —__ 
nucleus it contains numerous organelles including granules, a microtu- 
bular system, a metabolically active membrane and contractile pro- 
teins. 

After the platelets adhere to an area of damage, the reversible first. | 
stage of platelet aggregation, the adhering platelets undergo the release . 
reaction associated with the second stage of aggregation, and additional - 
platelets are attracted to the defect and join the aggregate, enlarging it. 
During this phase the substances within the granules are extruded 
through the microtubular system out of the platelets and into the sur- 
rounding area. The substances released include adenosine diphosphate 
(ADP), catecholamines, serotonin, enzymes and prostaglandins such 
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as thromboxane A2. These substances serve to stabilize 

the platelet aggregate in addition to stimulating addi- 

tional platelets to aggregate. Thromboplastins are also 

` released during this phase of aggregation and, if a suf- 

ficient number of platelets have been involved, the 

cascade system that results in the conversion of fibrin- 

ogen to fibrin is activated, and a typical clot develops. 

| H the defect is large, a large amount of fibrin is formed, 

< red cells become enmeshed in the fibrin strands and a 
recognizable red clot results. 

Usually, it is collagen exposed to the bloodstream 
when there is a break in the endothelial surface that 
attracts platelets and stimulates them to adhere and to 
aggregate, but other stimuli can initiate the aggregation 

^. process. These include circulating catecholamines, 
| .— ADP, prostaglandins, immune complexes and fatty 
| » acids. Excessive turbulence can also cause platelets to 
| . aggregate. 


Platelets and Ischemic Heart Disease 


: Currently, platelets are thought to participate in 
| . clinical coronary disease in two ways, in association with 
-acute myocardial infarction and sudden death and by 
participation in the developnient of atherosclerosis. 
| Platelet aggregation and coronary occlusion: 
| Theoretically, a platelet aggregate, stimulated by cir- 
. .culating catecholamines, immune complexes or exces- 
-sive turbulence, might form inappropriately within the 
circulating blood. Such a platelet aggregate might lodge 
~; in an area of narrowing of an artery, close it off and lead 
to ischemia of the area fed by that artery. If such an 
aggregate were to occlude a narrowed coronary artery, 
myocardial infarction, possibly associated with a ven- 
| tricular arrhythmia and sudden death, might occur. A 
| platelet aggregate stimulated to form and cover a break 
= in the endothelial lining of an artery might break off 
-from the area of formation, travel in the bloodstream 
= -to a coronary artery and, lodging in an area of narrowing, 
|. then ocelude it. Moreover, it is possible that rupture of 
the endothelial lining over an atherosclerotic plaque 
within a coronary artery might stimulate the formation, 
in situ, of a platelet aggregate that might grow to occlude 
the remaining lumen over the plaque. 
: The evidence that such events might indeed occur 
^: Gomes from several sources. First, it has been shown that 
| platelet aggregates forming within the circulatory sys- 
.. tem can lead to myocardial damage in the experimental 
animal. Jorgensen et al.? infused ADP directly into the 
co: mary arteries of pigs. All nine animals that died 
— within 5 minutes of the onset of infusion had platelet 
5 aggregates in their coronary arteries. Among the 20 
/ animals that lived beyond 2 hours, 16 were found to 
have gross infarcts and 17 had microscopic infarcts on 
histologic examination. This was a significantly greater 
incidence of infarction than among 17 pigs given in- 
tracoronary infusions of adenosine monophosphate 
(AMP), which does not stimulate platelet aggregation. 
In the two latter groups there was no difference in the 
incidenee of arterial platelet aggregates found, 











suggesting that platelet aggregates might form, do their 
damage, disaggregate and disappear before pathologic 
study. 

In the eatly 1970’s we? demonstrated that the intra- 
venous infusion of catecholamines in dogs caused in- 
travascular aggregation of platelets in the small vessels, 
of the heart. Electron microscopy revealed platelet ag- 
gregates in the myocardial vessels of dogs infused for 4 
hours with norepinephrine. The diffuse cardiac necro- 
sist known for years to occur after epinephrine infusion 
was found to be prevented by pretreatment with aspi- 
rin? dipyridamole’ or clofibrate,® drugs that have little 
in commen other than inhibition of platelet aggregation. 
These findings suggest that the diffuse myocardial fi- 
brosis seen after extensive catecholamine therapy or in 
patients with pheochromocytoma is at least partially 
due to intravascular platelet aggregation. 

In 1976 Folts et al.’ demonstrated that spontaneously 
occurring platelet. aggregates could cause occlusion of 
an experimentally narrowed section of a canine coronary 
artery. They showed that flow through a critically nar- 
rowed coronary artery was phasic, with periods of no 
flow alternating with near normal flow at rest. These 
changes were associated with sudden reductions in 
pressure distal to the narrowing that would suddenly 
revert to near normal pressure, suggesting that the 
compromised lumen was alternately being totally oc- 
cluded and then opened. On sectioning the area of 
narrowing during the time of complete occlusion, they 
found a pure platelet aggregate plugging the lumen. 
They postulated that platelet aggregates were inter- 
mittently occluding the stenotic section of the coronary 
artery and that these plugs would break up and be 
flushed through the area of narrowing, intermittently 
opening the obstruction. They postulated that such 
events might not be uncommon in a human being with 
atherosclerotic heart disease, and that angina at rest or 
serious ventricular arrhythmias and sudden death 
might occur during the periods of occlusion. In further 
studies, these authors? demonstrated that these phasic 
changes in coronary blood flow through a narrowed 
artery could be abolished by pretreating with drugs that 
inhibit platelet aggrezation. 

The extent of infarction after total occlusion of a 
coronary artery might also be affected by secondary 
platelet aggregates. Moschos et al.? demonstrated that 
in the periphery of an infarct created by total experi- 
mental occlusion of a coronary artery, there was an in- 
creased concentration of platelets sequestered in the 
myocardial vasculature. In animals pretreated with 
aspirin these aggregates were not found and the re- 
sulting area of infarction was smaller. They postulated 
that the extent of an infarct might be influenced by the 
degree of platelet aggregation in the borders of the area 
of infarction. 

Fatal arrhythmias and sudden death: Pathologic 
findings in patients who have died suddenly have sup- 
ported the concept that an occluding platelet aggregate 
might be the event that triggers a fatal arrhythmia. !° 
Haerem!! reported a significantly greater incidence of - 
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platelet microthrombi in patients with coronary artery 
disease who died suddenly than in patients who died 
from other causes. Forty-seven percent of 47 patients 
who died suddenly were found to have acute micro- 
thrombi in their coronary vessels compared with 15 
- percent of 13 patients who did not die suddenly and had 
^no coronary artery disease. 

Platelets and coronary spasm in myocardial in- 
farction: Recently Oliva and Breckenridge!? presented 
data on patients with acute myocardial infarction that 
might implicate platelets as playing an important part 
in the acute event. They subjected 15 patients to coro- 
nary arteriography within a few hours after the onset 
of acute myocardial infarction and infused nitroglycerin 
directly into the occluded vessel that appeared to have 
led to the infarction. In almost half of the patients the 
nitroglycerin infusion caused the vessel to dilate and the 
area of occlusion to open and become less than total. 
"These findings suggest that spasm may play a role in the 
acute occlusion that leads to infarction. The strongest 
vasoconstrictor produced endogenously is thromboxane 
A2,!? a prostaglandin that is released from the platelet 
as it undergoes the second stage of aggregation. It is 
conceivable that a platelet aggregate might lodge in an 
area of narrowing in a coronary artery, release throm- 
boxane A2, and cause spasm of the artery, stabilizing the 
occlusion and maintaining the total blockage. Such an 
occlusion would be expected to open partially if the 
spasm were relieved. Although not vet proved, the 
findings of Oliva and Breckenridge can be interpreted 
to support the concept that inappropriate intravascular 
platelet aggregation may be the inciting event that leads 
to infarction. 

Data from our laboratory!! have supported the 
findings of Oliva and Breckenridge. Of 106 patients with 
anterior myocardial infarction on electrocardiography 
and definite anteroapical dyskinesia or akinesia on left 
ventricular angiography, 23 patients were found on 

“coronary arteriography to have a narrowed but patent 
left anterior descending coronary artery. It is possible 
that in these patients recanalization occurred or that a 
less than total occlusion caused infarction. More prob- 
ably, however, a platelet aggregate, may have first to- 
tally occluded the stenotic area for sufficient time to 
result in infarction and then disbanded and passed 
downstream, opening the occluded area or, alterna- 
tively, spasm played a role and, with release of the local 
spasm, the vessel regained partial patency. The report 
of Oliva and Breckenridge!? suggests that the latter two 
possibilities with the possible involvement of platelets 
might provide the more reasonable explanation. 


Platelets and Atherosclerosis 


Investigations into the biology of the arterial vessel 
wall have led to the concept that platelets may also play 
an important role in the initiation of atherosclerosis.!? 
Studies on the endothelial lining and vascular smooth 
muscle cells have suggested that injury to the vascular 

-endothelium stimulates the proliferation of smooth 
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muscle cells and their migration into the intima where - 

they actively absorb lipid and secrete fibrin, elastin and 
tissue matrix, the components that can become the- 
typical atherosclerotic complex lesion. The trigger of - 
this response of vascular smooth muscle cells appears — 
to be a substance released from platelets as they un- 
dergo the second stage of platelet aggregation. : 

Platelets and endothelial trauma: The evidence for: 
this theory comes from various sources. Experimental 
injury to the vascular endothelium by mechanical dis- 
ruption with a balloon catheter scraped across its sur 
face,'® by chronic exposure to high levels of homocys- 
tine!’ or cholesterol in the blood!? or by immune inju- 
ry!? results in large areas of denudation of endothelial - 
cells on the intimal surface. These areas are promptly 
covered by aggregated platelets. Within a few days after — 
injury, smooth muscle cells have been demonstrated to” 
be migrating from the muscularis layer into the intimal 
subendothelial parts of the vessel wall. In 1 to 3 months 
large numbers of these cells are found in the intima and © 
have been demonstrated to form collagen fibrils, 
proteoglycans, mucopolysaccharides and elastin fibers. 
It may take 9 months for the endothelium to regenerate - 
completely. If this occurs and further injury does not 
again stimulate the smooth muscle cells, the changes in 
the muscle cells in the intima regress and the vessel wall 
returns almost to normal. However, if the injury is re- 
petitive or there are large amounts of lipid in the serum, 
these vessel abnormalities may not regress and instead © 
may degenerate into typical atherosclerotic lesions. ~~ 

Platelets and proliferative smooth muscle re- — 
sponse: The pivotal role of platelets in this sequence of 
events has been suggested by several factors: (1) En- 
dothelial trauma induced in these ways is usually as- 
sociated with a shortening of platelet survival time. (2) 
Inhibition of platelet function by drugs that block 
platelet aggregation!? or by making the experiment 
animal thrombocytopenic prevent the smooth muscle 
cell response. (3) It has been shown in vitro that there = 
is a substance released from platelets as they aggregate —— 
that will stimulate and support proliferation of smooth . - 
muscle cells.!5 The character of this substance is not yet < 
clear, but it appears similar to a fibroblast growth factor 
extracted from the pituitary gland. It is possible that the 
platelet does not produce this substance but just carries — 
it to be released at sites of endothelial damage. The ... 
source of the material, whether produced by the me- 
gakaryocte or elsewhere, remains conjectural. Other 
substances, especially low density lipoproteins, appear 
to play a supportive role in this proliferative smooth 
muscle cell response, perhaps providing the raw mate- 
rials for the cells to use as they proliferate and produce 
extracell matrix and collagen. 

Role of risk factors: This theory of the origin of 
atherosclerosis is very attractive in that it is compatible 
with what is known about the risk factors for athero- 
sclerosis. Endothelial injury induced by the mechanical: 
hemodynamic stress of hypertension, the catecholamine 
response to cigarette smoking, the effect of serumcar-__ 
bon monoxide from cigarette smoke, the chronic expo- 
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sure to high cholesterol levels and possible vessel ab- 
normalities associated with diabetes may be the com- 
mon characteristic of these risk factors that leads to 
atherosclerosis by means of the platelet aggregation that 
such injury induces. 

Historical background: Although this theory is 
relatively new, the consideration that thrombosis may 
play a role in the development of atherosclerosis may 
be traced to Von Rokitansky?? in the 1850's. He believed 
that vascular mural clots degenerated into atheroscle- 
rotic plaques. Duguid?! in the 1940's demonstrated 
pathologic evidence that mural thrombi could acquire 
an endothelial covering, supporting Von Rokitansky's 
concepts. Mustard's laboratory?? has produced data 
suggesting that platelet clots themselves could damage 
vascular endothelium through enzymes released during 
aggregation and that such damage to the endothelial 
lining might make the surface more permeable to 
: transucation of lipids into the intimal layer of the vessel 
wall, thereby bringing into accord the ultrafiltration 
theory of atherosclerosis with the thrombogenic con- 
cept. Thus evidence is accumulating that platelets and 
their function as the initiator of intraarterial thrombosis 
~- and as the first responders to endothelial injury may be 

. a significant factor in the etiology of atherosclerosis. 


Epidemiologic Data Linking Platelets With | 
Coronary Artery Disease 


In addition to the theoretical considerations con- 
cerning the platelet as a factor in the pathogenesis of 
clinical ischemic heart disease, numerous studies have 
demonstrated a large incidence of abnormally reactive 
platelets in patients with coronary artery disease. Ad- 
= hesiveness of platelets was reported to be abnormal in 
patients with clinical coronary disease.22-27 Platelet 
aggregation studied with the aggregometer was shown 
` to be significantly enhanced?3-?! and platelet survival 
time was shown to be significantly shortened?6:30.32 
among patients with clinical coronary disease. Hampton 
and Gorlin,? using platelet electrophoretic techniques, 
also noted significant abnormalities in patients with 
coronary disease. Although all reports have not agreed 
with these findings, the majority of investigations have 
demonstrated a correlation between coronary artery 
disease and more responsive platelets regardless of the 
specific platelet function test utilized. The finding that 

"patients with coronary disease have more reactive 
platelets can be interpreted either as evidence that these 

- patients are more prone to mural vascular thrombi and 
occlusive vascular thrombi, and thereby to atheroscle- 

rosis and acute myocardial infarction, or as evidence 
that atherosclerosis is already present and the recurring 
stimuli to platelets caused by the areas of narrowing in 
the vascular tree may be manifested by more reactive 
platelets. 


Risk Factors and Platelet Function 


'The effects of the presence of known coronary risk 
factors on platelet function have been extensively in- 
vestigated. Patients with hyperlipidemias, especially 
hypercholesterolemia, have been shown to have more 


sensitive platelets.* Carvalho et al.?? found that the 
platelets of patients with type II hyperlipidemia re- 
sponded to significantly lower concentrations of epi- 
nephrine and collagen in the aggregometer than did 
platelets of control patients. A diet high in saturated fats 
leads to increased platelet aggregability, and even a high 
fat meal will cause acutely enhanced platelet reactivi- 
ty.7536 Smoking cigarettes?738 increases the activity of 
platelets acutelv, and cigarette smokers have a short- 
ened platelet survival time. Asymptomatic patients with 
a family history of, or relatives with, coronary artery | 
disease have been shown to have a high incidence rate 
of platelet function abnormalities.?? Patients with di- 
abetes have significantly more easily stimulated 
platelets than do control subjects.?93? In a series of 
studies 494! performed on normal house officers we re- 
cently showed that emotional stress has a potent effect 
on platelet function. 

The observation that all these risk factors are asso- 
ciated with platelet abnormalities suggests that the risk 
factors may affect the vasculature through their platelet 
effects, and it indirectly supports the concept that 
platelets may play an etiologic role in clinical coronary 
artery disease. However, these findings can only be 
considered circumstantial evidence; the platelet ab- 
normalities noted may be only coincidental events in the 
development of coronary disease rather than a causal 
factor. i 


Clinical Pharmacologic Studies 


The experimental evidence and theoretical consid- 
erations linking platelet function with coronary artery 
disease have led to.the logical conclusion that inhibition 
of platelet function might prevent acute myocardial 
infarction and the development or progression of cor- 
onary atherosclerosis. The availability of a large number 
of drugs? that are used primarily for other purposes but 
that also have potent antiplatelet activity has led to a 
number of drug trials and reports. The drugs most 
studied have been aspirin, sulfinpyrazone, clofibrate 
and dipyridamole. 

Aspirin 

Aspirin is a potent platelet aggregation inhibitor.*? 
it appears to work by inhibiting the production of 
prostaglandins.*4 It blocks the second phase of platelet 
aggregation and the release reaction. 

Aspirin in the prevention of myocardial infare- 
tion: The use of aspirin in the prevention of myocardial 
infarction is not new. In the early 1950's, Craven? 
suggested a trial of aspirin in middle-aged men. Some 
years later he*® reported the results in 8,000 men who 
had taken one or two aspirin tablets daily for about 6 
years. There were no instances of myocardial infarction 
in this treated group during the period of the uncon- 
trolled study. In 1951, an autopsy study of 131 patients 
followed' up in an arthritis clinic and presumably taking 
large doses of aspirin over a prolonged period of time 
revealed only 4 percent to have died with myocardial 
infarction and only 2 percent with stroke, an incidence 
rate far below that expected for a similar population. 
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Over the subsequent years a number of reports? from 
arthritis clinics confirmed or denied this paucity of 
myocardial infarction among patients with arthritis. 
More recently the results of two prospective studies 
on aspirin for prevention of infarction and death have 


e. been reported.99?! Beginning in February 1971, the 


British group of Elwood et al.°° randomized 1,239 men 
with history of recent myocardial infarction to treat- 


^ment with either aspirin, 300 mg/day, or placebo and 


followed them up for a few months to 2 1/2 years. 
Analysis of the cumulative death rates showed a con- 


- gistently lower mortality rate among the group receiving 


aspirin (7.6 versus 10.1 percent at 1 year, 9.0 versus 13.2 
percent at 18 months, 12.2 versus 18.5 percent at 2 
years). However, at no time did the difference achieve 
statistical significance. Separating the patients ac- 
cording to age did not improve the statistical signifi- 
cance, but classifying the patients according to the in- 
terval from infarction to entrance into the trial gave a 
somewhat more interesting result. Among the patients 
entering the study less than 6 weeks after infarction, 7.8 
percent of the aspirin-treated men died compared with 
13.2 percent of the control subjects. By applying the 
chi-square formula, chi-square equals 5.27, suggesting 
a statistically significant difference beyond the 0.025 
level. Elwood et al. were reluctant to report any signif- 
icant difference in this group because most of the pa- 
tients came from one area, and it was not clear if this was 
an interval effect or a geographic aberration. In view of 
the positive findings in the sulfinpyrazone group in 
which all patients were entered into the trial within 35 
days of infarction, these results in the study of Elwood 
et al. might be important. However, the investigators 
eonsidered their findings "inconclusive," although a 
trend toward a benefit for aspirin was clearly identi- 
fied. 

The second reported prospective therapeutic trial 
of aspirin is the Coronary Drug Project Aspirin Trial.’ 
The Coronary Drug Project was designed to determine 
if any of a number of cholesterol-reducing drugs would 
decrease the mortality among patients who had survived 
at least one myocardial infarction. Three of the drug 
regimens being tested, D-thyroxine and large and small 
dose estrogen, were clearly found to be of no benefit and 
possibly harmful within a few years after recruitment 
was completed. Testing of these drugs was stopped. 
After at least 6 months on no active medication, 1,529 
of these well worked-up patients were randomized to 
treatment with aspirin, 5 grains three times daily, or a 
placebo, and subsequently followed-up for 10 to 28 
months. The total mortality rate in the aspirin-treated 
group was 5.8 percent, approximately 30 percent below 
the 8.3 percent rate of the placebo group, although the 
difference was not statistically significant. Using various 


- end points other than mortality such as myocardial 


infarction or other coronary events and various com- 
binations of end points consistently showed a trend 
favoring aspirin, but no statistical significance was 
achieved. Unfortunately, funding was not available to 
continue the trial. Criticisms about the value of this 
study include the fact that most of the participants had 
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had their infarction more than 3 years before entry into 
the aspirin trial and had been taking other medications 
for long periods before entry into the trial. Nevertheless, 





there was a trend, although not of statistical signifi- 


cance, toward benefit of aspirin therapy. 


Data from the Boston Collaborative Drug Surveil- : : 
lance Group has supported the use of aspirin as pre- 


ventive treatment for myocardial infarction.9? These 


investigators interviewed patients in the hospital as to _ : i 
the drugs they had been taking before admission and: 
correlated the diagnoses on discharge with the patterns __ 


of drug use and other habits. Two studies were simul- __ 
taneously reported. In the first study 0.9 percent of 325. 
patients with myocardial infarction reported long-term 
use of aspirin whereas 4.9 percent of 3,807 patients with — 
other diagnoses gave such a history (P <0.003). Among 
451 patients with myocardial infarction in the second 
study, 3.5 percent had a history of regular use of aspirin __ 
compared with 7.0 percent of 10,091 patients with other 
diagnoses (P <0.03). Multivariate analysis did not di- _ 
minish this negative association between regular use of. 





aspirin and myocardial infarction, suggesting that as-  - 


pirin may be protective against myocardial infarc- 
tion. 
Another epidemiologic study, carried out under the 


auspices of the American Cancer Societ y,?? did not find S 
any beneficial effect of aspirin in coronary artery dis- — 
ease. A 6 year follow-up study of more than 1 million . 


men and women who answered a questionnaire con- 
cerning diet, habits and drugs revealed that among the 
approximately 43,000 men and 29,000 women who died 


with a diagnosis of myocardial infarction there was no |. 


significant difference in the number of persons who 
never used aspirin or used it often when compared with 
control subjects who had not had coronary disease. 
Analysis of the data according to age or sex did not af- 
fect these negative conclusions. 

Implications: As yet no prospective studies have 
demonstrated a statistically significant benefit of as- = 
pirin in coronary artery disease. The two large studies 


reported both suggest a trend, and the Boston Collab- u 


orative Drug study has been reported as positive. We 
are currently awaiting the results of the Aspirin-Myo- 
cardial Infarction Study sponsored by the National 
Institutes of Health and the aspirin-dypridamole ^ 


(Persantin®) study sponsored by Boehringer Ingelheim. - : 


Both studies are in the process of following up large 
numbers of patients who have survived a myocardial 
infarction and have been randomized to treatment with 
aspirin or placebo (Aspirin-Myocardial Infarction 
Study) (AMIS) or to treatment with dipyridamole, di- 
pyridamole and aspirin, or placebo groups (Persantin- 
Aspirin Reinfarction Study) (Paris). Results are ex- 
pected in the next 1 to 2 years. 


Sulfinpyrazone : 
The drug that has caught the interest of many in the 


past year has been sulfinpyrazone (Anturane®).54Sul- 


finpyrazone, an antigout drug that was developed dur- 
ing research on butazolidin, has been known to have —__ 
potent platelet-inhibiting effects for some years. It has © 
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been shown to be useful in maintaining patency of ar- 
teriovenous shunts used for hemodialysis?9 and to have 
a beneficial effect in patients with transient cerebral 
ischemic attacks.” In 1972, Blakely and Gent?? pre- 
sented the results of a prospective double-blind trial of 
sulfinpyrazone, 600 mg/day, in 291 elderly institution- 
alized men. They followed up the patients for 4 years 
and found a statistically significant increase in survival 
among the patients with a previous history of athero- 
sclerosis who had been treated with sulfinpyrazone in 
comparison with patients treated with a placebo, 
especially among those who died of vascular causes. The 
numbers were too smail to separate those who died of 
myocardial infarction for separate analysis. 
Multicenter randomized study: In 1975, a large 
multicenter therapeutic trial^* of sulfinpyrazone was 
organized to determine if the drug had any value in 


"a preventing death during the first 1 or 2 years after 


myocardial infarction. Data were accumulated on 1,475 
patients who were randomized to treatment with either 
placebo or sulfinpyrazone, 200 mg four times daily, 
starting 25 to 35 days after a documented acute myo- 
cardial infarction. By the time recruiting was completed 
in July 1977, it was apparent that there was a statisti- 
cally significant benefit with sulfinpyrazone and the 
results of the study were reported. The appearance of 
the data in the New England Journal of Medicine* in 
February 1978 immediately stimulated headlines in the 
New Yerk Times, the Wall Street Journal and other 
prestigious papers throughout the world, acclaiming 
that an important breakthrough in the therapy of heart 
attack had been achieved. Of the 69 deaths in the study 
group, 68 were cardiac; 44 occurred in the placebo group 
and 24 in the patients treated with sulfinpyrazone, a 
difference in cardiac mortality that was significant (P 
= 0.18). The biggest difference was among those who 
died suddenly, with 29 of the placebo group and 13 of 
the treated group having a sudden death during the 
study period (P = 0.015}. The cardiac death rate cor- 
rected for exposure time (mean 8.4 months) was 9.5 
percent for the placebo group and 4.9 percent for the 
treated group, a death rate reduction among the treated 
group of 48.5 percent. The annual sudden death rate 
was 6.3 percent in the placebo group and 2.7 percent in 
the treated group, a reduction of 57 percent associated 
with treatment with sulfinpyrazone. However, the 
number of deaths due to myocardial infarction—12 in 
the placebo group and 9 in the treated group— was not 
^ statistically significantly different. The occurrence of 
rehospitalization for myocardial infarction and cardiac 
arrhythmias tended to be lower among the treated pa- 
tients but the difference was not statistically significant, 
whereas the frequency of admission for heart failure or 
angina tended to be greater among the treated pa- 
tients. 

Although it was originally planned to continue the 
study until all patients had been followed up for at least 
1 year, because ongoing analysis of mortality demon- 
strated a statistically significant reduction in deaths 
among the sulfinpyrazone-treated patients the results 
were reported after a mean of 8.4 months follow-up. The 
investigators planned to inform the study patients of 


1202 





the results and hoped to gain the cooperation of a suf- 
ficient number of these patients to continue the study 
with sufficient numbers to generate further significant 
follow-up data. Further reports from the investigational 
team are anxiously awaited. 

Limitations of study: A number of criticisms were 
generated by the report. First, more patients in the 
placebo than in the treated group appeared to have had 
arrhythmias during infarction (P <0.05), and, although 
the difference was not statistically significant, there 
tended to be more patients with previous myocardial 
infarction, bundle branch block, angina, diabetes and 
claudication among the placebo group. This has raised 
the question whether, by multivariate analysis,?? the 
placebo group might not prove to be significantly sicker 
than the treated group, and the results therefore spu- 
rious. Second, the finding that the major beneficial ef- 
fect of the drug was in the prevention of sudden death 
rather than the prevention of further myocardial in- 
farction suggests that sulfinpyrazone may be acting 
primarily as an antiarrhythmic drug, possibly through 
an effect on prostaglandins,9? and that results may have 
little relation to the drug's effect on platelets. Third, the 
mode of reevaluation of the data during the study has 
been criticized as possibly making a less significant 
difference appear more important than is justified! 
Furthermore, it remains unclear if the benefit noted in 
this short follow-up period will continue to remain sig- 
nificant as the patients are followed up further, and if 
the small incidence o? side effects will also continue as 
the patients receive the drug for more prolonged pe- 
riods. 

It is expected that many of these criticisms will be 
more adequately resolved when the final report of the 
group is presented. Recent comments from members of 
the investigating team: at meetings have suggested that 
a large number of participants in the study are con- 
tinuing in the protocol and that more data should be 
expected. À study similar to this American-Canadian 
study is currently underway in Italy®; confirmatory 
data will be of great value. 


Other Antiplatelet Drugs 


Clofibrate: This drug, used primarily for the low- 
ering of serum lipid levels, is also an effective platelet 
aggregation inhibitor.®:64 Several studies of its efficacy 
in preventing death in patients with coronary artery 
disease have been reported in recent years.9596 A co- 
operative study performed in Newcastle-on-Tyne® 
demonstrated a significant decrease in the incidence of 
death in patients with evidence of angina or myocardial 
infarction, or both, who were treated with clofibrate and 
followed up over a 5 year period. The beneficial effect 
of the drug in 497 randomly assigned patients did not 
appear to correlate with a specific effect of the drug on 
lipid levels. A similar study performed by the Research 
Committee of the Scottish Society of Physicians®’ found 
similar results in patients followed up for 6 years, al- 
though they noted a significant decrease in death rate 
only in their patients who had angina with or without 
a previous infarction and not in those who had had a 
previous infarction but not angina. Again the beneficial 


June 1979 . The American Journal of CARDIOLOGY Volume 43 


2x 





effect of the drug did not appear to be related to a 
lipid-lowering effect. 

Arandomized study performed among United Air- 
lines’ personnel® demonstrated a significant decrease 
in the occurrence of myocardial infarction among men 
- initially free of evidence of coronary disease and among 


ec 3men who had a history of myocardial infarction or an- 


- gina, or both, who were randomized to treatment with 
clofibrate. These findings were not related to any 
lipid-lowering effect noted. The lack of correlation of 
benefit with serum lipid effects suggests that another 
mechanism, such as the platelet aggregation inhibition 
known to occur with the drug, might be operant. How- 
ever, the Coronary Drug Project study of clofibrate did 
not confirm the findings in these three studies.9? There 
was no significant benefit with regard to mortality noted 
among the patients with a history of at least one myo- 
cardial infarction who had been randomized to treat- 
ment with clofibrate. The reason for this disparity re- 
mains unclear but is probably related to patient selec- 
tion. The positive British studies included patients with 
angina alone, suggesting that possibly clofibrate is of 
greater benefit when begun earlier in the course of the 
disease. 

A cooperative Edinburgh-Budapest-Prague Study 
of clofibrate in the prevention of ischemic heart disease 
in middle-aged men without manifest heart disease has 
been reported.®? Approximately 30,000 men were 
screened and those with serum cholesterol levels in the 
top third of the cohort were separated into two groups. 
Approximately 5,000 men were randomly assigned to 
treatment with clofibrate (Group I) and 5,000 to receipt 
of placebo (Group II). These men were further com- 
pared with about 5,000 men randomly selected from 
those with cholesterol levels in the lower one third of the 
cohort who received placebo (Group III). The average 
follow-up period was 5.3 years. Cholesterol levels were 
decreased by approximately 9 percent below the initial 


- cholesterol level in the treated group (Group D. Men in 


"this group had 25 percent fewer nonfatal infarctions (P 
<0.05) than men in the high cholesterol-placebo group 
(Group ID) but significantly more than men in the low 
cholesterol-placebo group (Group III) (P «0.01). The 
incidence rate of fatal infarction and sudden death did 
not differ significantly between Groups I and II but were 
significantly lower in Group HI. These findings, coupled 
with further analysis of the data, led to the suggestion 
* .. . that most of the reduction of nonfatal myocardial 
infarction in the clofibrate treated group is associated 
with reduction of cholesterol concentrations." However, 
multivariate analysis revealed “ . . . that treatment (with 
clofibrate) may have some additional effect beyond that 
of cholesterol reduction . . . " although “ . . . the excess 
effect is not itself significant." 

A number of disquieting results appeared in this 
study. First, there was a significantly higher death rate 
among the treated patients (P «0.05) than among the 
untreated high cholesterol patients, with a trend toward 
a greater incidence of deaths from cancer (although 
. rates were similar to those in Group III and in the local 
population). Second, there was a greater incidence of 

disease of the liver, gall bladder and intestines and of 
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mortality due to disease of these organs in the clofi- 
brate-treated group than in either the high or the low = 
cholesterol group treated with placebo. a 

These recent data support the conclusions of the ^. 
earlier British studies and the United Airlines Study 
that clofibrate is effective in decreasing coronary artery- 
disease morbidity although they disagree with previous. 
findings by demonstrating that this effect is largely 
related to, rather than independent of, a cholesterol- 
lowering effect. Whether the platelét effects of clofibrate __ 
were of importance in this cooperative study is conjec- 
tural. E 
Beta adrenergic blocking drugs: These agents __ 
have also been demonstrated to have a significant 
platelet-inhibiting effect.5?/? In a prospective study of 
practolol,” the investigators found a significant de- 
crease in cardiac mortality and in combined nonfatal. 
myocardial infarction and death (but not in infarction. 
alone). Although these results are probably related to 
the antiarrhythmic and antiischemic effects of the drug, - 
the antiplatelet effect may play a role. Practolol is not 
available, but it would be expected that propranolol 
would have a similar effect. A randomized study of- 
propranolol in patients after infarction, sponsored by. _ 
the National Institutes of Health is underway; the re- 
sults will be of great interest. 

Dipyridamole: This is another drug with antiplatelet 
activity’? that has elicited interest among cardiologists. 
Although studies suggesting its efficacy in the preven- 
tion of emboli associated with prosthetic valves have 
been reported,?? its value in the management of coro- 
nary artery disease has not yet been documented. Ina 
current prospective trial (Persantin Áspirin Reinfarc- 
tion Study, PARIS) patients with a documented in- 
farction are being randomized to treatment with either 
dipyridamole, dipyridamole and aspirin, or placebo and 
are being prospectively followed up. Results are ex- 
pected to be reported within the next 2 to 3 years. 

















Negative Aspects of Antiplatelet Therapy 


Two other aspects of the use of antiplatelet aggre- 
gation drugs must be taken into account when use of 
these agents is being considered. The first is related to... 
a theoretical negative effect of these agents and the = 
second to possible side effects. 


Role of Prostaglandins 


Recently a new prostaglandin has been discovered, 
prostacyclin I2.7* This agent appears to have properties 
almost directly opposite to those of thromboxane A2. 
Thus, instead of stimulating platelets to aggregate and 
blood vessels to constrict, prostacyclin 12 (PG I2) pre- 
vents or reverses platelet aggregation and relaxes and 
dilates blood vessels. Instead of being found in the 
platelet, it is synthesized in the walls of arteries and 
veins and is located primarily in the vascular endothe- 
lium. Teleologically, its function is probably to inhibit — 
the formation of occlusive platelet aggregates and to 
maintain the patency of the vascular system. One reago 
that platelets do not normally adhere to the endothelial 
lining of vessels may be that endoperoxides released — 
from the platelets may be converted to PG I2 bythe 
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appropriate endothelial enzyme (prostacyclin synthe- 
tase) and adhesion and aggregation are inhibited. If 
there is a break in the endothelial lining, the loss of this 
newly formed prostacyclin and its attendant aggrega- 
tion inhibition may be the reason that platelets aggre- 
gate on areas of damage and theoretically contribute to 
the formation of an atherosclerotic plaque. In addition, 


. the presence of a plaque may inhibit the formation of 


the prostacyclin and thus favor the formation of a clot 
at the site of the atherosclerotic lesion that occludes the 
vessel or contributes to further growth of the plaque. 
Prostacyclin I2 versus thromboxane A2 inhibi- 
tion: The reason that the existence of prostacyclin I2 
might complicate pharmacologic antiplatelet therapy 
is that at least some of these drugs, especially aspirin 
and drugs of the nonsteroidal antiinflammatory type 
(including possibly sulfinpyrazone), act through inhi- 
bition of cyclooxygenase. Natural synthesis of the 
prostaglandins is thought to proceed from arachidonic 
acid to the cyclic peroxides using cyclooxygenase as the 


* catalytic enzyme. These cyclic peroxides are the pre- 


cursors of the other prostaglandins, being specifically 
converted in the presence of thromboxane synthetase 
in the platelet to thromboxane A2 and, in the presence 
of prostacyclin synthetase in the blood vessel lining, to 
prostacyclin I2. Thus the process that leads to the 
synthesis of both thromboxane A2, the platelet-aggre- 
gating agent and vasoconstrictor, and prostacyclin I2, 
the inhibitor of platelet aggregation and vasodilator, is 
repressed by these platelet-inhibiting drugs. Experi- 
ments with various blood levels of aspirin have not been 
successful in finding a dosage of aspirin that will inhibit 
production of thromboxane A2 without also inhibiting 
coronary vasodilation,” which is thought to be related 
to the production of PG I2. Theoretically then it is not 
known whether on balance the benefit of inhibition of 
thromboxane A2 outweighs the liability of inhibiting the 
production of prostacyclin I2. 

Drug side effects: These drugs are potent pharma- 
cologic agents and have known side effects. This is of 
especial importance because if they are to be used as 
preventive agents for coronary disease they must be 
given for prolonged periods of time; moreover, the side 
effects of years of drug use are largely unknown. 

Aspirin: Among the patients considered for inclusion 
in the Coronary Drug Project Aspirin study, a signifi- 
cant number had to be excluded because of inability to 


. tolerate aspirin or a history of peptic disease. Among 


those entered into the trial?! there was a significantly 


increased incidence of abdominal pain, though not ulcer, 


among those taking aspirin. Blood urea nitrogen and 
urie acid levels were slightly elevated in the treated 
group, and the incidence of gout and podagra were sig- 
nificantly increased among those receiving aspirin. 
Sulfinpyrazone: The suifinpyrazone study?* found 
no significant difference in the incidence of side effects 
in the treated versus the placebo group during the pe- 
riod of study; however, the mean follow-up period was 
only approximately 8.4 months. The manufacturer/$ 
notes problems with increased sensitivity to sulfonyl- 
urea hypoglycemic agents, sulfa drugs and coumarin 
anticoagulant agents. 'The drug is a potent uricosuric 


agent, and the possibility of precipitation of uric acid 
stones in the dehydrated patient must be considered. 
Peptic ulcers can be exacerbated with the drug, and 
severe blood dyscrasias, anemia, thrombocytopenia and 
agranulocytosis have been reported. 

Dipyridamole: This agent is a vasodilator, and diz- 
ziness, headache, weakness and syncope occasionally 
result from its use.” Because it seems to dilate selec- 
tively the large coronary arteries, a coronary steal syn- 
drome may be precipitated with a worsening of angina 
pectoris. Occasional gastrointestinal disturbances have 
also been noted. 

Clofibrate: A wide variety of side effects have been 
reported with clofibrate.” Gastrointestinal problems, 
nausea, vomiting, dyspepsia, loose stools, flatulence and 
abdominal distress are the most common. Liver func- 
tion tests may be affected. Results of the recent Coop- 
erative Study® suggest an increased incidence of liver, 
gall bladder and intestina! diseases related to use of the 
drug. Patients often become more sensitive to coumarin 
anticoagulant agents. Fatigue, dizziness, headache and 
“flu-like” syndrome have been reported, as have cardiac 
arrhythmias, alopecia, renal dysfunction, leukopenia, 
anemia and impotence. Rarely, the cholesterol level may 
rise with the use of the drug. The litany of side effects 
with clofibrate is long, mainly because so many patients 
have been receiving the drug for long periods. In most 
patients clofibrate is well tolerated. 

Beta adrenergic blocking agents: Side effects of 
the beta adrenergic blocking agents are well known and 
are primarily related to their antiadrenergic actions. 
These agents should be used with caution, if at all, in 
patients with diabetes, heart failure, asthma or chronic 
bronchitis or evidence of atrioventricular block. 


Perspective cn Antiplatelet Agents 


In view of the theoretical benefit of antiplatelet 
aggregation therapy in the prevention of acute myo- 
cardial infarction and of progression of atherosclerosis, 
the suggestive data linking coronary risk factors with 
platelet abnormalities, the prospective studies that 
show a trend (although without statistical significance) 
toward benefit of aspirin in secondary prevention of 
infarction and the sulfinpyrazone study that has dem- 
onstrated a preventive effect in the short term, the 
disturbing data concerning a possible deleterious effect 
of these drugs because of inhibition of production of 
prostacyclin I2 and the possible side effects of long-term 
therapy with these drugs, the clinician is faced with the 
practical dilemma ef whether and in what clinical cir- 
cumstances these pharmacologic agents should be 
prescribed. First, although not discussed in this review, 
it should be noted that these drugs are indicated or at 
least worthy of trial for therapy of transient cerebral 
ischemic attacks and amaurosis fugax.5?7? Second, it 
is considered appropriate to add these drugs to routine 
coumarin anticoagulation in a patient with a prosthetic 
vaive who has had arterial emboli while on a well con- 
trolled anticoagulation regimen (not instead of cou- 
marins but in addition to the coumarins).7? o 

Recommended guidelines and indications for 
therapy: In patients with coronary artery disease the 
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indications for the use of these drugs are not yet proved 
beyond reasonable doubt, and the following recom- 
mendations are guidelines that I find useful while 
waiting for definitive data. I believe that the data tend 
to indicate that antiplatelet aggregating drugs have a 
beneficial effect. Although prostacyclin I2 inhibition 
theoretically may be detrimental, in no study have the 

- patients treated with aspirin or sulfinpyrazone appeared 
to do less well than untreated control subjects, and in 
most trials there has been a trend toward benefit, even 
if the effect has not achieved statistical significance. 
While we await data from the AMIS study, the PARIS 
study, the Italian sulfinpyrazone study and further data 
from the Anturane study group, I consider it appro- 
priate to use these drugs. The following dosages are 
currently being used when an antiplatelet aggregation 
effect is the aim of therapy: aspirin, 5 grains (325 mg) 
two or three times daily; sulfinpyrazone, 200 mg four 
times daily; dipyridamole, 50 mg four times daily; clo- 
fibrate, 500 mg three times daily; and prepranoldi, 20 
mg four times daily. 

The appropriate candidates for therapy are not 
known but, in order of priority, these are the patients 
for whom I consider therapy reasonable. 

1. Patients with critical lesions on coronary arteri- 
ography who are not candidates for bypass surgery. 

2. Patients who have had the intermediate coronary 
syndrome who do not undergo coronary arteriog- 
raphy. 

3. Patients with a documented myocardial infarction 
who have recurrence of angina but who do not undergo 
coronary arteriography. 
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4, Patients with documented myocardial infarction 
starting within 30 days of infarction. 

5. Patients who have angina after coronary bypass 
surgery. 

6. All patients with new angina. 

7. All patients within 30 days of coronary bypass S 
surgery (less definite indication). eus 

8. All patients with chronic angina (less definite in- __ 
dication). a 

In these patients I try to make sure that one of the. 
platelet- active drugs is being administered. If the pa- 
tient is not receiving propranolol for angina or clofibrate 
for a lipid abnormality, I tend to favor aspirin or sul 
finpyrazone as therapy because most of the supportiv 
studies have used these drugs. It is important to make 
it clear to the patient that these regimens area reason- 
able and possibly effective means of prophylaxis but 
that they are not yet fully proved to be of definite ben- 
eficial effect. If side effects develop, I will switch to 
another regimen; if that is not tolerated I discontinue 
the drugs. 

Future implications: As time passes and more de 
finitive data become available, the indications for thes 
drugs can be expected to change. One hopes that thes 
drugs will in time be proved effective and provide an __ 
important treatment for the patient with coronary ar-. 
tery disease. Meanwhile, although I believe that use of — 
these drugs for their antiplatelet aggregation effect is - 
already tentatively justified, the clinician must maintain 
an open mind and realize that the definitive efficacy of - 
these drugs in the management of coronary artery dis- m 
ease has yet to be fully demonstrated. 
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The role of routine anticoaguiation in acute myocardial infarction continues 
to be a source of controversy. There is currently strong evidence to- 
suggest that conventional anticoagulation will prevent the formation o 
most deep vein thrombi and subsequent pulmonary embolization. Anti- 
coagulant agents also appear to reduce the incidence of emboli from 
cardiac mural thrombi to peripheral arteries. Patients without a predi 
position to bleeding are unlikely to have hemorrhagic complications in 
the hospital after usual doses of anticoagulant drugs. in patients with © 
severe hypertension, prior gastrointestinal bleeding, carcinoma or ad- - 
vanced age, small dose heparin therapy appears to reduce the incidence 
of venous thrombosis and probably of pulmonary emboli as well. Its value 
in preventing peripheral arterial embolization has not been defined. An- 
ticoagulation with standard “large” doses is an effective means of pre- 
venting the risks of pulmonary and peripheral emboli during the in-patient 
phase of acute myocardial infarction. Small dose heparin therapy provides _ 
an excellent alternative to conventional anticoagulation when there is. 
more than a negligible risk of hemorrhage. There is little evidence at this 
time to support the use of long-term anticoagulation beyond the acute 
phase of myocardial infarction. : 


The introduction of heparin and the coumarin drugs into clinical med- 
icine represented a major therapeutic advance. These are potent anti- 
coagulant agents whose effects in vivo can be readily demonstrated and - 
that offer promise for the prevention and management of many clinical. 
problems in which thrombosis and embolism appear to play a role. = 

It was 30 years ago that Wright and his colleagues! in a major clinical 
trial for the American Heart Association recommended anticoagulation 
in patients with myocardial infarction. These investigators demonstrated is 
that the anticoagulant drugs dicumarol and heparin reduced mortality - 
in the first 6 weeks after acute myocardial infarction. The benefit was | 
due largely to a reduction in potentially fatal thromboembolic compli- 
cations. Although the study was not properly randomized, its conclusions - 
led to the widespread use of anticoagulation in the United States. Yet, 
today, after multiple clinical trials of anticoagulation and its use in 
millions of patients, there is considerable confusion about its value in - 
acute myocardial infarction. We present herein an interpretative review _ 
of the anticoagulation controversy and offer therapeutic recommenda- 
tions in light of recent knowledge. i 


Objectives and Benefits of Anticoagulation 


The potential advantages of anticoagulation in acute myocardial i 
farction include (1) prevention of thrombosis in the deep veins of the 
leg; (2) reduction in the incidence of embolization from cardiac mural 
thrombi to the brain, kidney or limbs; (3) prophylaxis against extension 
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of myocardial necrosis or long-term recurrence of in- 
.. farction; and (4) reduction of overall mortality related 
to myocardial infarction. In the following discussion we 
“will analyze these potential benefits in relation to the 
risks of such therapy. 


Effects of Anticoagulant Therapy on Deep Vein 
Thrombosis and Pulmonary Embolism 


In 1961, Hilden et al? reported on autopsies per- 
formed in 90 percent of 109 control patients (untreated 
with anticoagulant agents) who died of myocardial in- 
farction. Sixteen percent of in-hospital deaths (repre- 
senting 4 percent of the entire control population) were 
attributed to thromboemboli, the great majority of 
which involved the lungs. However, these studies were 
conducted at a time when 3 weeks of strict bed rest was 
prescribed for patients with infarction. 

Later reports involving shorter periods of immobili- 
zation showed a somewhat smaller contribution of 
embolic deaths to the overall in-hospital mortality of 
patients with acute myocardial infarction. In the Vet- 
erans Administration Cooperative Trial,’ 0.6 percent 
of 500 untreated patients had fatal pulmonary embol- 
ization. Wessler et al.* estimated that pulmonary em- 
bolization represents a danger to life in 5,000 persons 
or about 1 percent of the 500,000 annually admitted 
with myocardial infarction to hospitals in the United 
: States. Because more than 90 percent of pulmonary 
emboli come from thrombi in the leg veins,* and because 
these are potentially preventable with anticoagulant 
therapy, it is important to analyze the frequency of deep 
vein thrombosis in patients with acute cardiac ne- 
crosis. 

Incidence of deep vein thrombosis in acute 
myocardial infarction: The diagnosis of deep vein 
thrombosis in the leg on the basis of the physical ex- 
amination is wrong in more than 50 percent of cases.^9 
*- Moreover, autopsy studies may overestimate the true 
incidence of such thrombi. The use of the iodine-125 
-fibrinogen leg scanning technique has greatly improved 

diagnostic accuracy." The radioactively tagged fi- 
brinogen is incorporated into actively forming thrombi 
(many of these clinically silent), whose extent can be 
defined by external counters. Unfortunately, the 
method detects only thrombi located in the popliteal 
veins and calves, not those in the iliofemoral system.? 
In seven reports?! in which the iodine-125 fibrino- 
gen scanning technique was used, the overall frequency 
of deep leg vein thrombosis after acute myocardial in- 

- farction ranged from 22 to 37 percent. Similar figures 
. were reported for postoperative patients in a recent 
multicenter trial? In patients with suspected myo- 
cardial infarction who are treated with bed rest but 
prove not to have cardiac damage, this complication 
appears to occur less frequently. For example, Murray 
et al? performed fibrinogen scanning in 50 patients 
admitted with chest pain, and in 35 of these the diag- 
nosis of myocardial infarction was eventually substan- 
tiated. In the group with infarction, the frequency of 
deep vein thrombosis was 34 percent. In patients simi- 
larly treated but later found to have no infarction, the 
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incidence rate was 7 percent. These findings, confirmed 
in the studies of Nicolaides et al.,!° suggest that a hy- 
percoagulable state may exist after myocardial infarc- 
tion, as it does after major surgery.!? 

Of importance is the finding of Maurer et al.!! and 
others!9-15 that more than 50 percent of the thromboses 
destined to occur in the calf veins form within 72 hours 
of acute infarction, and 75 percent form within the first 
5 to 7 days. These data indicate that any measure used 
to inhibit formation of thrombi must be used on ad- 
mission to the hospital and should be effective almost 
immediately. 

Predisposing factors: Although the overall inci- 
dence rate of deep vein thrombosis in the 1st week after 
an acute myocardial infarction is approximatelv 33 
percent, the risk is particularly great in certain groups. 
For example, the presence of left ventricular failure 
increases the incidence rate to 40 to 50 percent, and the 
presence of shock to 50 to 60 percent. '-!4^ The rate is also 
higher in patients with arrhythmias and preexisting 
angina pectoris.!^ Age is another important determi- 
nant: Emerson et al.!? found incidence rates of deep vein- 
thrombosis of 12.5 percent in patients less than 50 years 
old and of 71 percent in patients older than 70 years. 
Obesity, varicose veins and a history of myocardial in- 
farction or thromboembolism also increase the dan- 
ger.!7:? These considerations suggest that it may be 
possible to define a high risk group in whom anticoag- ` 
ulation for preventicn of deep vein thrombosis would 
be particularly effective. i 

Relation to pulmonary embolism: The relation of 
venous thrombosis in the legs to the life-threatening 
event of pulmonary embolism has been elucidated by 
Kakkar and collaborators.!?-?: From studies in post- 
operative patients that correlated fibrinogen scanning, 
ascending venography and clinical indicators of pul- 
monary emboli, these investigators concluded that (1) 
75 to 80 percent of thrombi originating in the calf veins 
remain confined to that region and present essentially 
no danger of embolization; (2) 20 to 25 percent of these 
thrombi extend proximally to involve the popliteal and 
iliofemoral systems, this propagation usually occurring 
more than 3 days after initial formation of the thrombi 
in the calf; (3) 40 to 50 percent of the thrombi that 
spread proximally embolize; and (4) thrombi in the 
iliofemoral vessels almost never originate there but 
derive almost exclusively from proximal extension from 
the ealf veins. 

Aecording to these principles, approximately 10 
percent of deep vein thrombi that form in the calves will 
eventually lead to clinical pulmonary embolism and will 
prove fatal in up to one third of cases.!5212? [n the ab- 
sence of evidence of thrombus formation in the leg scan, 
the incidence of pulmonary embolization would be ex- 
pected to be small. This has been shown to be the case 
in patients sustaining a myocardial infarction or 
undergoing operative procedures (Table I). In this col- 
lected series of 452 patients who underwent scanning 
for thrombi, pulmonary emboli occurred in 10.3 percent 
of those with a positive scan and in no patient with a 
negative scan. 
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TABLE i 


Reported Incidence of Pulmonary Emboli in Patients With 
-and Without Deep Vein Thrombosis?' 











Positive 175] Scan Negative !?5| Scan Patients With 
(no. of patients} (no. of patients) Patients (no.) Thrombosis (95) 
With With With Anti- Anticoag- l CTS 
. Pulmonary Pulmonary coagulation ulation Control 
Study Total Emboli Total Emboli Study Total Therapy Group Group 

Kakkar et al.24 40 4 92 0 Nicolaides etal'? — 31 18 5.5 38 — 
Murray et a5. E : x ? Handley et ai; 48 24 0 29 

Lambie et al. 1 4 Wray et al.5 92 46 6.5 22 

Hill et al. 2? 35 2 120 0 se stica 

Hirsh?! 12 1 53 0 

Total no 116 12 336 0 

96 24 10.3 76 0 





Anticoagulant agents for preventing pulmonary 
emboli: If anticoagulation could substantially inhibit 


be < the formation of deep vein thrombi in the calves of pa- 


_tients with acute myocardial infarction it is possible that 

the frequency of pulmonary embolism might be di- 
minished. The first. premise—prevention of thrombosis 
with anticoagulant therapy—was confirmed in three 
studies (Table II) in which anticoagulant drugs reduced 
the incidence of thrombi, as assessed with leg scanning, 
by 80 percent. The efficacy of therapy in preventing 
pulmonary emboli has also been conclusively demon- 
strated (Table HI). Anticoagulation therefore appears 
to be of value in forestalling deaths from pulmonary 
embolism in patients with myocardial infarction. 


Effects of Anticoagulation on Peripheral Arterial 
Emboli 


Emboli from the heart to the arteries of the kidneys, 
limbs or brain are usually easier to define clinically than 
are pulmonary emboli. Although the exact mechanism 
of thrombus initiation on the arterial side of the circu- 
lation (formation of a platelet plug) appears to differ 

from that on the venous side,” anticoagulant drugs may 


TABLE lii 


Reported Efficacy of Anticoagulation in Preventing Pulmonary Embolization After Acute Myocardial Infarction 
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TABLE il 


Reported Efficacy of Anticoagulation in Reducing Deep Leg 
Vein Thrombosis After Acute Myocardial infarction 











also be of value in this situation by preventing the 
propagation of a fibrin clot from the original platele 
nidus. In fact, according to several studies!-*29 pro 
phylaxis appears to be effective in reducing both mor 
bidity and mortality from systemic embolization after 
acute myocardial infarction. The effect of anticoagu- 
lation in reducing the incidence of cerebral emboli 
complicating acute myocardial infarction is illustrated 
in Table IV. wr 

In the American Heart Association study!, the inci- 
dence of cerebral and peripheral emboli was reduced by _ 
two thirds, Hilden et al? demonstrated a 24 percent _ 
incidence rate of cardiac mural thrombi at postmortem ^ 
examination in patients receiving anticoagulant therapy 
as opposed to a 58 percent incidence rate in control . 
subjects, although there was no significant difference - E 
in the incidence rate of peripheral emboli (3.6 versus 5.4 
percent). In the British Medical Research Council re- 
port, 24 patients (3.4 percent)in the group treated with 
phenindione had clinical occlusion of a systemic artery; | 
only nine such incidents (1.3 percent) occurred among 
those who were treated with heparin as well. Similar 
percentages were found at autopsy. The Veterans Ad- 
ministration trial? found that 0.6 percent of 500 un- 
treated patients admitted with myocardial infarction ^ 
died of cerebral emboli; this mortality rate equaled that. 























Pulmonary 
Deaths Clinical Embolism 
Due to Incidence of and/or 
Pulmonary Pulmonary infarction < 
Patients Embolism* Embolism"* at Autopsy? ` 
Study (no.) Regimen (96) (96) (96) 
Wright et al. 800 Anticoagulant drugs (432); 6 5.2 
No treatment (368) 9.4 
Hilden et al.2 800 Anticoagulant drugs (37 1); 1.4 
No treatment (429) 4.0 
British Medical Research Council? 1427 Heparin and phenindione (7 12): 2.2 
Phenindione only (715) 5.5 
VA Cooperative? 999 Anticoagulant drugs (500); 0.0 2.0 
No treatment (499) 0.6 4.8 
` * Percent of total patients with acute myocardial infarction. 
E | Percent of autopsies. 
* 32.0 percent pulmonary embolism; 9.7 percent infarction., 
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TABLE IV 
Reported incidence of Cerebral Emboli in Acute Myocardial 
Uoc Infarction . 
incidence Rate 
Patients Control Anti- 
Study (nc.) Group Coagulation Group 
Wright et al. 800 4.996 0.7% 
British Medical Research 1427 2.5% 1.1% 
Council 
V.A. Cooperative? 999 3.8% 0.8% 





from pulmonary emboli in the same series. Anticoagu- 
lation reduced the total number of clinical cerebral 
vascular accidents from 19 (3.8 percent) in the control 


. subjects to 4 (0.8 percent) in the treated group. Em- 
: bolization to the kidney and legs was completely pre- 
© vented in the latter group, although eight such emboli 


(1.6 percent) were diagnosed clinically in untreated 


patients. Anticoagulation also halved the frequency of 


mural thrombi and peripheral emboli detected at au- 
topsy. No treated patient died of cerebral infarction. 


Extension of Myocardial Necrosis 


In the British Medical Research Council study,?8 the 
in-hospital reinfarction rate for subjects given heparin 
and phenindione was not significantly different from 
that of the group receiving phenindione alone. These 
results were supported by the work of Drapkin and 
Merskey.?? Similar findings were documented in the 
Veterans Administration Cooperative Trial? in which 


< both the short-term incidence of recurrent myocardial 
~ infarction and the frequency of deaths from reinfarction 


were essentially equal in the study populations. 


Effect on in-Hospital Mortality 


'The best designed prospective studies available to 
date have demonstrated no improvement in the short- 
term death rates of patients with anticoagulation after 
myocardial infarction. Two recent retrospective 
trials???? have rekindled the controversy, purporting 
to show a reduction in mortality in hospitalized patients; 
firm conclusions remain elusive. Wessler et al.* calcu- 


: lated that, because of the small overall incidence of 


deaths from embolism in myocardial infarction, a 


sample population of 38,000 would be required to 


demonstrate a statistically beneficial effect of anti- 
coagulation on total mortality. It seems reasonable to 


-suppose that such a study will not be undertaken. 


Nevertheless, a significant reduction In serious embolic 
events would presumably be reflected in prolonged 
survival. 


` Risks of Anticoagulant Therapy 


Bleeding: Conventiona! anticoagulation therefore 
appears to be useful over the short term in reducing the 
incidence of deep vein thrombosis, pulmonary embolism 
and peripheral arterial embolism after myocardial in- 
farction. This advantageous effect must be weighed 
against the risk of drug-induced hemorrhage, an even- 
tuality that is particularly dangerous in the postin- 


4 


farction patient. Tte magnitude of this risk is difficult 
te assess from published reports. Investigators have 
utilized widely differing anticoagulant regimens, have 
monitored anticoagulant effect with nonstandardized 
laboratory procedures and have sought various levels 
of interference with normal clotting processes. Only one 
major study? appears to have utilized anticoagulant 
agents in patients unselected for underlying hemor- 
rhagic predispositions. Hilden et al? reported four 
deaths due to bleeding (mortality rate 1 percent) in 371 
patients treated with 50,000 units of heparin daily fol- 
lowed by dieumarcl. The incidence rate of all hemor- 
rhagic complications was 19 percent in the group treated 
with heparin versus 2 percent in the control subjects. 
No difference was noted in the incidence of cardiac 
rupture at postmortem examination, although nonfatal 
hemorrhagic pericardial effusion was three times more 
common in the anticoagulant-treated group. 

Prevention of bleeding: Most studies have excluded 
from anticoagulant therapy patients over age 70 and 
those with known preexisting hemorrhagic diatheses, 
gastrointestinal uleeration, marked systemic hyper- 
tension, malignancy or hepatic disease. Such exclusion 
appears to reduce the incidence of serious hemorrhage. 
The British Medical Research Council? found clinical 
evidence of major hemorrhage in only 30 patients (4.3 
percent) in the grcup receiving heparin and phenin- 
dione and in 8 others (1.1 percent) of those given 
phenindione alone. No deaths were attributed to 
bleeding. At autopsy, the two groups had equal rates of 
hemopericardium, subintimal hemorrhage and hem- 
errhagic infarction. Wray et al.,!° Drapkin and Mer- 
skey?? and Handley et al.,!° using standard doses of 
30,000 to 40,000 units of heparin daily, reported no in- 
crease in serious hemorrhagic complications. In the 
Veterans Ádministration Cooperative Trial? major 
gastrointestinal bleeding occurred in 0.6 percent of both 
groups (heparin versus oral anticoagulant drugs), with 
ne mortality caused by hemorrhage. Of importance is 
the finding by Emerson et al.!* that the probability of 
fatal bleeding due te heparin therapy increased from 0.5 
percent for those under age 70 years to 2.0 percent for 
those exceeding that age; the risks of anticoagulant 
therapy—as well as its benefits— may be magnified in 
the elderly. 

Clinical implications: Proper patient selection may 
be of importance. Elderly persons with complicated 
infarction who are expected to be at bed rest for pro- 
longed periods of time are at greatest risk of emboliza- 
tion. They are therefore most apt to benefit from anti- 
coagulation. On the other hand, in those with a high 
likelihood of bleeding, as defined previously, anti- 
coagulation might best be avoided. Emerson et al.!8 used: 
sophisticated decision-making analysis to delineate 
those clinical situations in which the advantages. of 
anticoagulation outweigh the potential for harm. They 
recommended heparin therapy only if the statistical risk 
of deep vein thrombosis exceeded 33 percent. This ap- 
proach, of necessity, must be viewed as a compromise, 
Furthermore, no such stratification has been deter- 
mined regarding peripheral arterial embolization. 
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Alternative Modes of Therapy 


Physical methods to avoid deep vein thrombosis: 
Unfortunately, excluding a significant number of pa- 
_.tients from anticoagulation because of fear of drug- 
. induced complications may also deprive them of the 
- potential advantages of such treatment. Several ap- 
proaches have therefore been suggested in an attempt 

Uto maximize the effort to prevent thrombosis while 
minimizing the attendant risk of hemorrhage. One op- 
tion is to avoid anticoagulation altogether and rely on 
physical measures to prevent deep vein thrombosis. Hill 
et al.?? demonstrated the prophylactic value of inter- 
mittent pneumatic compression of the calf on the inci- 
dence of postoperative thrombus formation in patients 
without malignancy. Holford?! showed that elastic 
stockings that provide graded compression from foot 
to thigh increase the rate of venous flow and thereby 
decrease the tendency to stasis and thrombosis. Physical 
methods, of course, would not be expected to affect the 

incidence of peripheral arterial emboli. 

Early mobilization: Early ambulation after myo- 
cardial infarction appears to reduce significantly the 
incidence of deep vein thrombi. In a recent study, Miller 
et al.’ performed iodine-125 fibrinogen scans daily for 
5 to 7 days after myocardial infarction. They demon- 
strated that 10 percent of patients mobilized by the 3rd 
day had evidence of leg vein thrombi, whereas 60 per- 
cent of patients kept in bed for 5 days had a positive 
scan. Because thrombi formed within 72 hours of the 
infarction are almost invariably confined to the 
calf, 19.15 the hazard of pulmonary embolization at this 
stage is probably minimal. Unfortunately, the patients 
at greatest risk for thrombosis—those who are most 
ill—are the least likely to be candidates for early mo- 
bilization. Although potentially valuable, the early 
ambulation approach has yet to achieve widespread 
acceptance. 

Antiplatelet drugs: These agents have recently been 
. used to prevent venous thromboemboli.?? If they prove 
~~. efficacious, the ease of their administration and lack of 

associated bleeding complications would make them 

|J... promising agents for future widespread use. 


Role of Small Dose Heparin 


Mode of action: A possible solution to the problem 
of anticoagulation in myocardial infarction has ap- 
peared with the recent advent of small dose heparin 
therapy. In 1962, Sharnoff et al. introduced the use of 
small subcutaneous doses of heparin in the prevention 
of venous thrombosis in postoperative patients. Because 
the coagulation cascade acts as a biologic amplification 
system, minor perturbations early in the sequence may 
profoundly alter the reaction rates of subsequent steps. 
Small dose heparin therapy retards coagulation pri- 
marily by increasing the rate at which circulating anti- 
thrombin IH (antifactor X,) combines with, and inac- 
tivates, activated factor X.35 With subcutaneous ad- 
ministration, plasma concentrations of the drug increase 
only slightly but are maintained at a constant level for 
many hours.?? Because factor X acts at the beginning 
of the final stage of the coagulation process— before 
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thrombin—a modest interference with its function is 
sufficient to effect a marked inhibition in clotting.?^ 
However, small doses of heparin are effective only if : 
thrombin formation has not already occurred; these 
doses do not halt an ongoing thrombotic process.?? The 
drug must therefore be given immediately after (or, in 
the case of elective surgery, before) the inciting event 
in order to be preventive. 

Advantages: With the small dose regimen, the blood 
is never rendered totally incoagulable by the wide 
swings in plasma heparin concentration seen with. 
conventional intravenous therapy.?9 As a result, the 
antithrombotic effect is achieved without significantly 
increasing the risk of bleeding. The clotting time is 
unaffected?? and the partial thromboplastin time is only 
mildly prolonged,?? thereby obviating specialized Jab- 
oratory control. (A semisynthetic analog of heparin, very _ 
recently described,*° may be even more specific in this 
regard.) Moreover, preliminary screening of the he- 
mostatic mechanism is probably unnecessary in patients - 
considered for prophylaxis.4! d 

Efficacy in postoperative patients: The efficacy 
of heparin in small subcutaneous doses in preventing - 
deep vein thrombosis after major surgery was demon- 
strated by Kakkar and collaborators in 1972.42 This- 
prospective randomized double blind study revealed a — 
reduction in the incidence of calf thrombi from 52 to 8 
percent (as determined by scanning with iodine-125— 
labeled fibrinogen) with 5,000 units of heparin given — . 
every 12 hours. Moreover, pulmonary embolism was |. . 
recognized clinically in only one of 222 patients receiving 
prophylaxis. No increase in hemorrhagic manifestations 
was observed, even though patients were not preselected 
to exclude those with conditions that might increase the 
likelihood of bleeding. 

In a larger randomized international study of 4,121 
surgically treated patients,!9 a small dose heparin reg- 
imen (5,000 units subcutaneously every 8 hours) aig- 
nificantly reduced both thrombotic and pulmonary 
embolic postoperative complications. This benefit was 
achieved without increasing the risk of serious bleeding 
even in these patients with recent surgical wounds. 

Efficacy in acute myocardial infarction: Warlow 
et al.*8 applied similar principles to a study of 127 pa- 
tients with myocardial infarction. A regimen of small 
dose heparin was begun within 12 hours after the onset 
of infarction and continued at a level of 5,000 units every ..—— 
12 hours for 10 days. Iodine-125-labeled fibrinogen 
scanning was performed. In this randomized double- 
blind trial evidence of calf vein thrombosis developed 
in 17.2 percent of control patients and in only 3.2 per- 
cent of those treated with small dose heparin. No 
hemorrhagic complications were noted. 

In a combined medical and surgical series, Gallus et 
al.?? reported on the administration of small dose hep- 
arin three times daily in 78 patients admitted with ~ 
suspected myocardial infarction. The patients’ legs were 
scanned with iodine-125-labeled fibrinogen for 10 days, 
and the frequency of venous thrombi was found to be _ 
2.6 percent in treated patients and 22.5 percent in . 
control subjects. The value of therapy appeared to be _ 




















———————— a i cue UE 








ANTICOAGULATION AND MYOCARDIAL INFARCTION—FRISHMAN AND RIBNER 


particularly striking in patients with congestive heart 
failure. Moreover, phlebography revealed a reduction 
not only in the incidence of calf vein thrombi but also 
in the rate of propagation to the iliofemoral vessels. No 
pulmonary emboli occurred in this small group of pa- 
tients. 

Heparin in small doses thus appears to be effective 
in eliminating deep vein thrombi without increasing the 
danger of bleeding, even in patients at high risk of 
hemorrhage. Whether small dose heparin can also re- 
duce the incidence of pulmonary emboli in myocardial 
infarction is not proved, although the experience in the 
postoperative studies and the work of Gallus et al.59 
suggest that it may be of great value. No data are yet 
available regarding the effect of heparin on mural 
thrombi or peripheral emboli. 


Long-Term Prevention of Recurrent 
Myocardial Infarction 

Rationale of long-term anticoagulation: The ra- 
tionale for suggesting oral anticoagulation for several 
years after myocardial infarction as a means of pre- 
venting recurrence rests on the assumptions that 
thrombosis is an integral part of the atherosclerotic 
process**45 and that the sudden formation of a clot in 
a major coronary artery is the precipitating event in 
acute myocardial infarctien.* Neither hypothesis has 
been conclusively validated. The nature of atherogen- 
esis is still a hotly debated issue, and the role of 
thrombosis is unproved. Moreover, work by Roberts? 
strongly suggests that thrombi do not incite infarction 
but form when necrosis has already taken place. Erhardt 
et.al.f8 injected iodine-125—labeled fibrinogen intrave- 
nously in seven patients soon after admission for acute 
"myocardial infarction. At postmortem study, thrombi 
in the coronary arteries were found to have diffusely 
accumulated radioactivity, implying that clotting had 
followed, rather than preceded, the ischemic event. The 
validity of this conclusion has been challenged by 


.— - Moschos et al.47 


Results of therapy: Many clinical studies have in- 
vestigated the effect of long-term anticoagulation on 
recurrent infarction and mortality.155-5? Most studies 
> have shown a slight decrease in the rate of recurrence 
of infarction, barely achieving statistical significance. 
: There seems to be some value to anticoagulation in 

improving survival after myocardial infarction, but this 
benefit is restricted to men with a history of prolonged 
angina or previous episodes of cardiac necrosis.5? 
Moreover, the advantage does not appear to persist 
beyond 2 to 3 years after initiation of therapy.25? In 
“addition, a large proportien of potential recipients of 
treatment (up to 50 percent in some series) were ex- 
cluded from randomization because of advanced age or 
predisposition to bleeding. The methodologies of the 


long-term studies have been analyzed by Gross et al.5*; 
in their review of published reports, no adequate ex- 
perimental protocol was found. 


Current Recommendations 

Conventional heparin dosage followed by war- 
farin: We believe that all patients with definite or 
strongly suspected myocardial infarction should receive 
some form of anticoagulant therapy unless they are 
actively bleeding or suffering from a known hemorrhagic 
diathesis (congenital, hepatic or drug-induced). Because 
of the demonstrated value of large doses of heparin in 
preventing both peripheral and pulmonary emboliza- 
tion, patients who present no increased a priori risk of 
hemorrhage should ideally be started on a regimen of 
conventional (large) doses immediately on admission 
to the hospital. Anticoagulant drugs may be discon- 
tinued after 72 hours if the diagnosis of myocardial in- 
farction is not substantiated. However, patients with 
bona fide myocardial infarction should be given heparin 
and then warfarin while at bed rest, then warfarin alone 
(monitored with prothrombin times) when walking 
begins. Ánticoagulation should be maintained for 3 to 
4 weeks after infarction to provide protection against 
the formation of mural thrombi on nonendothelialized 
endocardial surfaces. There appears to be no clear ad- 
vantage to prolonging anticoagulation beyond this pe- 
riod of time. 

Small dose heparin therapy: In patients over age 
79 years and in those with malignancy, severe hyper- 
tension or preexisting gastrointestinal bleeding, the 
likelihood of hemorrhage with usual doses of antico- 
agulant drugs appears to be increased. Heparin should 
not be entirely withheld from these patients but ad- 
ministered in smal! doses, with the goal of preventing 
deep vein thrombosis and pulmonary embolism. Ac- 
cording to available evidence, this aim can be accom- 
plished with negligible risk. Therapy should be given 
during the period of bed rest and for several days 
thereafter. Despite the added risk of bleeding, the full 
dose treatment regimen is probably mandated, even in 
these patients, when active thrombosis is known to be 
occurring (small doses are ineffective), or when ven- 
tricular aneurysm, frequent arrhythmia or a previous 
arterial embolic event magnifies the danger of fatal 
cerebral embolization (for which the value of small doses 
of heparin is unproved). 

Rational use of anticoagulant therapy in the setting 
of acute myocardial infarction may save more than 8,000 
lives a year in this country. Full advantage should be 
taken of this therapeutic opportunity. 


Acknowledgment 


We thank Mary Senatore for her valuable assistance in 
preparing the manuseript. 


References 


t. Wright IS, Marple CD, Beck DF: Report of the Committee for the 
Evaluation of Anticoagulants in the Treatment of Coronary 
Thrombosis with Myocardial Infarction. Am Heart J 36:801-8 15, 
1948 

2. Hilden T, Raaschou F, Iversen K, Schwartz M: Anticoagulants in 


acute myocardial infarction. Lancet 2:327-331, 1961 . 
2. Veterans Administration Cooperative Clinical Trial. Anticoagulants 
in acute myocardial infarction. JAMA 225:724—729, 1973 
4. Wessler S, Kleiger RE, Cornfield J, Teitelbaum SL: Coumarin 
therapy in acute myocardial infarction. Arch Intern Med 134: 


- 


4945 Jumad070 Tha Amarican lnurnal at CARDIO OGY Vahima A3 





774-779, 1974 
. Lambie JM, Mahaffy RG, Barber DC, Karmody AM, Scott MM, 
Matheson NA: Diagnostic accuracy in venous thrombosis. Br Med 
J:2:142—143, 1970 

;.Flanc C, Kakkar VV, Clarke MB: The detection of venous throm- 
bosis of the legs using '?5l-labelled fibrinogen. Br J. Surg 55: 
742-747, 1968 


7. Negus D, Pinto DJ, LeQuesne LP, Brown N, Chapman M: '?5i- 


- labelled fibrinogen in the diagnosis of deep-vein thrombosis and 
its correlation with phlebography. Br J Surg 55:835-839, 1968 

. Kakkar V: The diagnosis of deep-vein thrombosis using the 1751 
fibrinogen test. Arch Surg 104:152-159, 1972 

. Murray TS, Cox FC, Lorimer AR, Lawrie TDV: Leg-vein thrombosis 
following myocardial infarction. Lancet 2:792—-793, 1970 

. Nicolaides AN, Kakkar VV, Renney JTG, Kidner PH, Hutchison 
DCS, Clarke MB: Myocardial infarction and deep-vein thrombosis. 
Br Med J 1:432-434, 1971 

. Maurer BJ, Wray R, Shillingford JP: Frequency of venous throm- 
bosis after myocardial infarction. Lancet 2:1385- 1387, 1971 

. Handley AJ: Low-dose heparin after myocardial infarction. Lancet 
2:623-624, 1972 

. Handley AJ, Emerson PA, Fleming PR: Heparin in the prevention 
of deep-vein thrombosis after myocardial infarction. Br Med J 2: 
436-438, 1972 

. Simmons AV, Sheppard MA, Cox AF: Deep-vein thrombosis after 
myocardial infarction: predisposing factors. Br Heart J 35: 623- 
625, 1973 

. Wray R, Maurer B, Shillingford J: Prophylactic anticoagulant 
therapy in the prevention of calf-vein thrombosis after myocardial 
infarction. N Engl J Med 288:815-817, 1973 

. Prevention of fatal postoperative pulmonary embolism by low doses 
of heparin. An international multicenter trial. Lancet 2:45-51, 
1975 

. Ygge J: Changes in blood coagulation and fibrinolysis during the 
postoperative period. Am J Surg 119:225-232, 1970 

. Emerson PA, Teather D, Handley AJ: The application of decision 
theory to the prevention of deep-vein thrombosis following myo- 
cardial infarction. Q J Med 43:389—398, 1974 

. Kakkar VV, Flanc C, Howe CT, Clarke MB: Natural history of 
postoperative deep-vein thrombosis. Lancet 2:230-232, 1969 

. Kakkar VV: Venous thrombosis after myocardial infarction (letter). 
Lancet 1:258-259, 1972 

. Kakkar VV: Peripheral venous scanning with '?5I-tagged fibrinogen 
(letter). Lancet 1:910, 1972 

. Barrit DW, Jordan SC: Anticoagulant drugs in the treatment of 
pulmonary embolism: a controlled trial. Lancet 1:1309-1312, 
1960 

. Hil NJ, Pflug JJ, Jeyasingh K, Broadman L, Cainan JS: Prevention 
of deep-vein thrombosis by intermittent pneumatic compression 
ofthe calf. Br Med J 1:131-135, 1972 

. Kakkar VV, Flanc C, Howe CT, O'Shea M, Flute PT: Treatment 
of deep vein thrombosis: a trial of heparin, streptokinase and arvin. 
Br Med J 1:806—810, 1969 

. Lambie JM, Barber DC, Dhall DP, Matheson NV: Dextran 70 in 
prophylaxis of postoperative venous thrombosis: a controlled trial. 
Br Med J 2:144-145, 1970 

. Report of the working party on anticoagulant therapy in coronary 
thrombosis to the Medical Research Council: assessment of 
short-term anticoagulant administration after cardiac infarction. 
Br Med J 1:335-342, 1969 

. Deykin D: Thrombogenesis. N Engl J Med 276:622-628, 1967 

. Drapkin A, Merskey C: Anticoagulant therapy after acute myo- 
cardial infarction. JAMA 222:541-548, 1972 

. Modan B, Shani M, Schor S, Modan M: Reduction of hospital 
mortality from acute myocardial infarction by anticoagulant therapy. 
N Engl J Med 292:1359-1362, 1975 

. Tonascia J, Gordis L, Schmerler H: Retrospective evidence fa- 
voring use of anticoagulants for myocardial infarctions. N Engl J 
Med 292: 1362-1366, 1975 

. Holford CP: Graded compression for preventing deep venous 
thrombosis. Br Med J 2:969-970, 1976 


ANTICOAGULATION AND MYOCARDIAL INFARCTION—FRISHMAN AND RIBNER — — 


32. 


44. 
45. 
46. 
47. 
48. 


49. 


50. 


51. 


52. 


53. 


54. 


June 1979 


* 


Miller RR, Lies JE, Carretta RF, Wampold DB, DeNardo GL, Kraus 
JF, Amsterdam EA, Mason DT: Prevention of lower extremity: 
venous thrombosis by early mobilization. Ann Intern Med 64: 
700-703, 1976 


. Renney JTG, O'Sullivan EF, Burke PF: Prevention of postoperative. - 


deep vein thrombosis with dipyridamole and aspirin. Br Med J 1: 
992-994, 1976 


. Sharnoff JG, Kass HH, Mistica BA: A plan of heparinization of the ^ - 


surgical patient to prevent postoperative thromboembolism. Surg ° 
Gynecol Obstet 115:75-79, 1962 


. Biggs R, Denson KWE, Akman N, Borrett R, Madden H: Anti- 


thrombin ill, anti-factor Xa, and heparin. Br J Haematol 19:283-305; 
1970 


. Bonnar J, Denson KWE, Biggs R: Subcutaneous heparin and- = 


prevention of thrombosis [letter]. Lancet 2:539-540, 1972 


. Wessler S: Prevention of venous thromboembolism by low-dose 


heparin. Mod Concepts Cardiovasc Dis 45:105—109, 1976 


. Kakkar VV, Nicolaides AN, Field ES, Flute PT: Low doses of i 


heparin in prevention of deep-vein thrombosis. Lancet 2:669-671, 
1971 i 


. Gallus AS, Hirsh J, Tuttle RJ, Trebilock R, O'Brien SE, Carroll JJ, E 


Minden JH, Hudeck SM: Small subcutaneous doses of heparin in^ 
prevention of venous thrombosis. N Engl J Med 288:545-551. - 
1973 i 


. Thomas DP, Michalski R, Lane DA, Johnson EA: A heparin ana- 2 


logue. with specific action on antithrombin Hi. Lancet 1:120-122, 
1977 à 


. Sherry S: Low-dose heparin for the prophylaxis of pulmonary ; = 


embolism. Am Rev Respir Dis 114:661-666, 1976 


. Kakkar VV, Spindler J, Flute PT, Corrigan T, Fossard DP, Crellin 


RQ: Efficacy of low doses of heparin in prevention of deep-vein. : 
thrombosis after major surgery. Lancet 2:101—106, 1972 P 


. Warlow C, Terry G, Kenmure ACF, Beattie AG, Ogston D, Douglas. ^ 


AS: A double-blind trial of low doses of subcutaneous heparin in 
the prevention of deep-vein thrombosis after myocardial infarction: 
Lancet 2:934-936, 1973 

Mustard JF, Packham MA: The role of blood and platelets in ath- 
erosclerosis and the complications of atherosclerosis. Thromb 
Diath Haemorrh 33:444—456, 1975 

Roberts WC: Coronary heart disease: a review of abnormalities 
observed in the coronary arteries. Cardiovasc Med 2:29-49, 
1977 

Erhardt LR, Lundman T, Mellstedt H: incorporation of '?5-labelled 
fibrinogen into coronary arterial thrombi in acute myocardial in- 
farction in man. Lancet 1:387—390, 1973 

Moschos CB, Oldewurtel HA, Haider B, Regan TJ: Effect of cor- 
onary thrombus age on fibrinogen uptake. Circulation 54:653-656, 
1976 

Aspenstrom G, Korsan-Bengtsen K: A double-blind study of di- 
cumarol prophylaxis in coronary. heart disease. Acta Med Scand 
176:563-575, 1964 

Loeliger EA, Hensen A, Kroes F, VanDijk LM, Fekkes N, DeJonge 
H, Hemker HC: A double-blind trial of long-term anticoagulant 
treatment after myocardial infarction. Acta Med Scand 182:.- 
549-566, 1967 


Meuwissen OJAT, Vervoorn AC, Cohen O, Jordan FLJ, Nelemans - i: : 


FA: Double-blind trial of long-term anticoagulant treatment after 
myocardial infarction. Acta Med Scand 186:361—368, 1969 : 
Ebert RV, Borden CW, Hipp HR, Holzman D, Lyon AF, Schnaper 
H: Long-term anticoagulant therapy after myocardial infarction: -- 
final report of the Veterans. Administration Cooperative Study. 
JAMA 207:2263-2267, 1969 

Collaborative analysis of long-term anticoagulant administration 
after acute myocardial infarction. An international anticoagulant 
review group. Lancet 1:203-209, 1970 

Ebert RV: Use of anticoagulants in acute myocardial infarction. 
Circulation 45:303-910, 1972 


Gross H, Vaid AK, Levine HS, Hasson J: Anticoagulant therapy 


in myocardial infarction: an overview of methodology. Am J-Med — u 


52:421—424, 1972 


* 


The American Journal of CARDIOLOGY Volume 43. 1213 

















~ New Developments in the Detection and Prevention of 


Venous Thromboembolism 


ARTHUR A. SASAHARA, MD, FACC 
G. V. R. K. SHARMA, MD 
ALFRED F. PARISI, MD, FACC 


— — Boston, Massachusetts 





-From the Medical and Research Services, Vet- 


-erans Administration Medical Center, West Rox- 


“bury, Massachusetts, and the Departments of 
Medicine, Peter Bent Brigham Hospital and Har- 
vard Medical - School, Boston, Massachusetts. 
; Manuscript. received January 8, 1978, accepted 
February 1, 1979. 

Address for. reprints: Arthur A. Sasahara, MD, 
Veterans Administration Medical Center, 1400 
VFW Parkway, West Hoxbury, Massachusetts 
02132. 


The recent deveiopment of relatively noninvasive, sensitive and specific 
procedures has been responsible for new information in the pathophysi- 
ciogy and epidemiology of venous thrombosis. Primary emphasis has been 
placed on detection of thrombosis with the radioactive fibrinogen leg scan, 
Doppler ultrasonic recording and, more recently, electrical impedance 
plethysmography. The latter procedure is easily performed by trained 
technicians; it is also sensitive and specific and provides an immediate 
answer. In 95 percent of patients with angiographically confirmed pul- 
monary embolism, results of impedance plethysmography were abnormal, 
indicating deep vein thrombosis and thus establishing the relation between 
the site of thrombus formation and pulmonary embolism. in 90 percent 
of patients suspected of having pulmonary embolism, when the plethys- 
mogram indicated deep vein thrombosis, pulmonary angiograms revealed 
pulmonary embclism; similarly, when the plethysmogram was normal, 
pulmonary angiograms revealed normal findings in 90 percent of the pa- 
tients. Hence, objective, noninvasive assessment of the deep venous 
system can be an excellent diagnostic aid, particularly when ventila- 
tion/perfusion scanning or pulmonary angiography is not readily avail- 
able. 

The most widely studied measure to prevent venous thrombosis has. 
been treatment with subcutaneous small dose heparin. Although extremely 
effective in patients undergoing elective general surgery, this treatment 
has not been as effective or as appropriate in high risk patients, such as 
those undergoing hip, urologic or neurosurgical procedures, or in patients 
with malignancy. Among medically treated patients, it has been quite 
effective in those with acute myocardial infarction. Dextran has not been 
very effective in patients undergoing general surgery, although its use with 
relatively large volumes has resultec in favorable results in patients having 
hip surgery. Platelet antiaggregating agents have generally been disap- 
pointing prophylactic agents. The most recent and promising technique 
is intermittent pneumatic boot compression of the calves, which does not 
require medications that may alter blood coagulation. The results of this 
procedure have been impressive in general surgical, neurosurgical and 
urologic patients, conflicting in patients with hip surgery and poor in pa- 
tients with malignancy undergoing surgery. In these groups of high risk 
patients, further investigations with new agents or methods or combined 
techniques are indicated. i 


During the past decade, significant advances have been made in the 
understanding of the pathophysiology of venous thrombosis. In general 
surgical patients, particularly those undergoing elective abdominal or 
thoracic surgery, Kakkar et.al.! noted that the early formation of thrombi 
appears to take piace in the soleal veins of the calf, as identified with the 
radioactive fibrinogen leg scan. In approximately 78 percent of these 
patients with a positive scan, the test becomes negative, indicating dis- 


^ 
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appearance of the thrombus, or the test remains posi- 
tive, but the thrombi are confined to the calf; in the re- 
maining 22 percent, the thrombi will extend into the 
posterior tibial vein and subsequently into the popliteal 
vein. For clinical purposes, the popliteal veins may be 
considered the beginning of the deep venous system. 
Kakkar et al. also noted that because thrombi in the 
soleal veins detected with radioactive fibrinogen scan- 
ning were rarely associated with pulmonary embolism 
they were not considered dangerous, whereas those in 
the deep venous system were associated with pulmonary 
emboli and were considered dangerous. These obser- 
vations are analogous to those made by Sevitt and 
Gallagher,” who noted in 1961 that virtually all patients 
who died of massive pulmonary embolism had deep vein 
thrombosis of the lower limbs when this was carefully 
searched for at autopsy. 

These observations are relevant to the understanding 
of the relation between the site of thrombus formation 
and the occurrence of pulmonary embolism, when the 
thrombi are fragmented. They underlie current inves- 
tigations into effective prophylaxis against deep vein 
thrombosis and pulmonary embolism. In addition, they 
have stimulated the development of objective, nonin- 
vasive methods to detect deep vein thrombosis in pa- 
tients at risk for such thrombosis and also new methods 
to aid in the diagnosis of pulmonary embolism. 


New Developments in Detection of Deep Vein 
Thrombosis 


Although Doppler ultrasonic studies and the radio- 
active fibrinogen leg scan have been extensively inves- 
tigated as tools for detecting deep vein thrombosis,?4 
the more recently introduced procedure of electrical 


FIGURE 1. The basic equipment and 
method of electrode attachment for 
performing impedance plethysmogra- 
phy. The compact portable instrument 
contains a compressor to inflate the 
thigh cuff to a predetermined pressure 
and time duration, a voltmeter and a 
Strip-Chart recorder. The four elec- 
trodes are attached to convenient Vel- 
"cra straps. The legs are sequentially 
studied. 
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impedance plethysmography? appears to be gaining. E 


acceptance as the single best test for detecting deep vein — 
thrombosis in the vast majority of patients. Hence, this 
review will be confined to this procedure and its newer 
applications. Our own investigations have been con- 
cerned with cuff impedance plethysmography as a di- 
agnostic aid for detecting not only deep vein thrombosis, 
but also acute pulmonary embolism. Before the test 
could be used reliably in the clinical situation, several 
assumptions required further investigation: (1) T'he cuff 
impedance plethysmographic test is a sensitive and 
specific procedure to diagnose deep vein thrombosis; (2) 
many patients with deep vein thrombosis are asymp- 
tomatic; and (3) there is a strong relation between deep 
vein thrombosis and pulmonary embolism. 


Impedance Plethysmography 


Technique: In 1970, Wheeler et al.5* published 
their data on a new application of electrical impedance 
plethysmography in detecting deep vein thrombosis. 
The noninvasive nature of the test was apparent (Fig. 
1). The device consists of four electrodes fastened 
around the calf with Velcro® straps, a voltmeter and a 
strip chart recorder mounted in a compact portable 
case. The principle of the procedure is quite simple and 
derived from Ohm's law: R = V/I; the voltage required 
for a small, fixed amount of current to flow across the 
electrodes is proportional to the resistance encountered 
by the current. Because blood is an excellent conductor 
of electricity, the resistance is determined by the venous 
blood volume in the electrical field. In the original: 
method, limb venous blood volume was regulated by 
respiratory maneuvers. During quiet tidal breathing, 
the intraabdominal pressure is low, posing little ob- 
struction to the outflow of limb venous blood. However, 
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during augmented inspiration and breath-holding, the 
intraabdominal pressure is increased, obstructing the 
outflow of limb venous bleod, thereby augmenting limb 
venous blood volume. This results in a decrease in 
electrical resistance, and thus a decrease in voltage re- 
quired fer the fixed small amount of current to flow 


across the electrodes. When the held breath is released, 


thus reducing intraabdominal pressure, venous return 
from the limb is greatly augmented, decreasing limb 
venous blood volume. Hence, the resistance promptly 
increases, reflected in the increase in voltage necessary 
for the current to flow. In the normal state, then, the 
variations in the voltages recorded during the respira- 
tory maneuvers reflect the changes in limb venous blood 
volume. In addition, the rapidity with which the voltage 
returns to the baseline value reflects the rapidity with 
which the limb venous blood volume returns to its 


- baseline capacitance (Fig. 2). 


In the abnormal state, such as that depicted by deep 
vein thrombosis, the voltage does not vary or varies less 
than the predicted normal, reflecting the subnormal 
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FIGURE 2. Characteristic pressure cuff impedance tracing from a 
normal subject (top) and an abnormal flat tracing from a patient with 


deep vein thrombosis (bottom). Top panel, rapid inflation of the thigh 


cuff to 40 cm of water for 45 seconds (previously achieved by aug- 
mented inspiration and breath-holding) results in a prompt decrease 
in voltage (superior direction} due to decreased resistance of an in- 
creased limb venous blood volume: Release of the cuff results in a 
prompt increase in voltage (inferior direction} due to increased resis- 
tance of a decreased limb venous bicod volume. The variability of the 
voltage reflects the changing capacitance of a normal deep venous 
system. Bottom: panel, there is little change on inflation or deflation of 
the cuff because of the constant dilation of the deep venous system 
caused by a thrombotic occlusion. The flatness of the curve indicates 
a virtually complete venous occlusion. 








changes in limb verfous capacitance brought about by 
the respiratory maneuvers. This decrease in change in 
limb venous blood volume results from the intrinsic 
dilatation of the venous system caused by the occluding 
venous thrombus. Hence, augmented inspiration or 
breath-holding would add little additional volume to 
an already distended venous system, resulting in a rel- 
atively flat voltage recording. With release of the held 
breath, the predicted rapid return of the venous blood 
volume to baseline capacitance would not be observed 
because of the obstruction to venous return imposed by 
the deep vein occlusion. Thus, there is a flat voltage 
recording during augmented inspiration and breath- 
holding and a flat recording during the release phase. 
The slope of this voltage curve is directly related to the 
degree of deep venous obstruction by thrombi (Fig. 
2). 
The major problem associated with the original 
technique was the inability to standardize the in- 
traabdominal pressure generated by an augmented in- 
spiration and holding of breath, thereby preventing 
accurate intra- and interpatient comparisons. Subse- 
quent adoption of the thigh-cuff compression technique 
to 40 cm of water for 45 seconds eliminated the necessity 
for breath-holding and permitted standardization of the 
procedure. 


Clinical Applications 


Subsequent clinical investigations by several work- 
ers’-!9 showed impedance plethysmography to be a 
sensitive procedure for detecting deep vein thrombosis. 
In studies using venography as the standard, the sen- 
sitivity ranged from 93 to 100 percent (Table D. How- 
ever, impedance plethysmography performed poorly in 
detecting superficial calf vein thrombi. Figures for de- 
teetion of these thrombi range from 16 to 60 percent. 
However, this is not a serious clinical fault because there 
is little risk that calf vein thrombi will result in pulmo- 
nary emboli. Ás previously mentioned, the risk of em- 
bolization becomes high when such thrombi extend into 
the popliteal vein, the beginning of the deep venous 
system. In the patient at high risk for the development 
of venous thrombosis; daily or alternate day assessments 
with impedance plethysmography can be performed to 
detect deep vein thrombosis. 


TABLE | 


Accuracy of Impedance Plethysmography Versus 
Venography in Detecting Venous Thrombosis 











Detection With 

impedance Plethysmogram 

Number of DVT- Calf VT NL 

Study Venograms (%) (%} (%) 
Hallbook and Ling? 106 100 n 60 0 
Cranley et ai.? i 302 6 2 
Johnston et ai.8 85 100 33 9 
Wheeler et al.> 168 98 16 2 
Hull et ai. '? 346 93 17 3 
Mean 97 44 3 





DVT = deep vein thrombosis; NL = normal; VT = vein throm- g 
bosis. 
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Asymptomatic patients with deep vein throm- 
bosis: These clinical investigations concerning the 
pathophysiology and detection of venous thrombosis 
‘have led to the conclusion that a significant number of 
^ << patients with established deep vein thrombosis are 

- asymptomatic. They do not complain of leg pain; there 
ds no obvious skin temperature elevation; there is no calf 
_ circumferential measurement difference (from the other 
- limb) and Homan's sign is absent.?-11-!2 In our own se- 
ries, approximately 60 percent of patients with positive 
impedance plethysmographic tests were asymptomatic. 
Hence, it becomes important to employ an objective 
procedure to assess the deep venous system. The tra- 
ditional bedside examination can no longer be relied on 
for an accurate assessment of the patency of the deep 
venous system. 

Relation of deep vein thrombosis and pulmonary 
embolism: Further investigations in our patients sus- 
pected of having pulmonary embolism revealed that 95 
— percent of those with pulmonary embolism confirmed 

- with selective pulmonary angiography had an abnormal 
impedance plethysmographic study indicative of deep 
vein thrombosis (Table II). In addition, when pulmo- 
nary embolism was suspected, if the plethysmogram was 
abnormal and indicated deep vein thrombosis, pulmo- 
nary angiography revealed an intravascular filling defect 
or a vessel cutoff diagnostic of pulmonary embolism in 
90 percent of the patients (Table III). On the other 
hand, if the impedance plethysmogram was normal in 
these patients with suspected embolism, the results of 
pulmonary angiography were negative in 90 per- 
cent.?? 

These data suggest that an objective assessment of 
the deep veins may be a very useful diagnostic aid in 
pulmonary embolism. Particularly in a busy emergency 
room, the application of cuff impedance plethysmo- 
graphy could differentiate patients with suspected 
pulmonary embolism who do not require lung scanning 
from those who should be hospitalized for further di- 
agnostic studies. More selective utilization of nuclear 
medicine and angiographic facilities should result from 
such objective screening. 

In-patient application of impedance plethysmo- 
graphy in a similar fashion is encouraged for patients 
suspected of having sustained pulmonary embolism in 
the hospital. However, until more precise data from a 
larger group of patients are available concerning the 


TABLE il 


Deep Vein Thrombosis and Pulmonary Embolism: Relation 
Established With Pulmonary Angiography and impedance 
Plethysmography 





impedance Plethysmogram 











Patients Positive Negative 
(no.) no. 96 no. 96 
Pulmonary 
angiogram 
» Positive 36 34 95 2 5 
Negative 22 4 18 18 82 
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relation between plethysmographically detected deep : 


vein thrombosis and pulmonary embolism, all patients __ 


with suspected pulmonary embolism should have, asa. 
minimum, perfusion lung scanning. The addition of __ 
ventilation scanning adds to the specificity of the pro- 
cedure. However, in patients with cardiopulmonary 
decompensation, the ventilation/perfusion scan may be 
misleading. 


New Developments in Venous Thrombosis. E 
Prophylaxis Gs 


Recently, major efforts have been devoted to the — 
study of small dose heparin, dextran, platelet anti- 


aggregating agents and pneumatic boot compression as 
a means of reducing the incidence of venous thrombosis — 
in various groups of patients at high risk. This com- 
munication is not intended to review the subject com- 


prehensively, as admirably done by Gallus and Hirsh," a 


but rather to provide a selective overview of significant: 
past studies and a careful look at the current and very - 
promising method of pneumatic boot compression. : 


Small Dose Heparin 


Results in surgically treated patients: The current - 
investigations with small dose heparin prophylaxis for 


venous thrombosis are an outgrowth of the early studies : 
of Sharnoff and DeBlasio!*!5 who used 5,000 to 10,000 


units preoperatively and then 2,500 units at 6 hour in- 


tervals in the postoperative period. Although the inci- '- 


dence of pulmonary embolism was significantly re-. 


duced, the uncontrolled design of the study hindered 


acceptance of the efficacy of small doses of heparin in 
preventing venous thrombosis. Subsequently, Kakkar 
and associates,'®17 using radioactive fibrinogen leg 
scanning, demonstrated the efficacy of small doses of - 
subcutaneous heparin in preventing postoperative ve- 
nous thrombosis (Table IV). In a subsequent large in- © 
ternational multicenter trial organized by Kakkar,!? _ 
small dose heparin prophylaxis was found effective in 
reducing the incidence of venous thrombosis from 25 
percent in the control group to 8 percent in the treated - 
group. In addition, the incidence of fatal pulmonary - 
embolism, 0.77 percent in the control group, was re- 


‘duced to 0.10 percent in the treated group. Gallus et 


TABLE lil 


Suspected Pulmonary Embolism: Probability of Pulmonary 
Embolism Based on Results of Impedance 
Plethysmographic Testing 





Pulmonary Angiogram 











Patients Positive Negative 
(no.) no. 96 no. % 
impedance 
plethysmogram ER 
Positive 38 34 90 4 10 le 
(deep vein 
thrombosis) : 
Negative 20 2 10 18 90: 
(no deep vein : 
thrombosis) 
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al.!®. in a large study directed toward reducing popliteal 
and femoral vein thrombi, demonstrated a reduction in 
“= venous thrombosis from 16 percent in the control group 
to4 percent in the treated group. In both of these trials, 
5,000 units of heparin was given subcutaneously im- 
“mediately before operation and then at 8 hour intervals 
. in the postoperative period for 1 week or more, until the 
high risk period was over. Several smaller studies?9-?8 
assessing the effectiveness of the small dose heparin 
regimen have also been published (Table IV). In es- 
sence, they confirm the effectiveness of this form of 
| - prophylaxis in patients undergoing elective general 
| energy. 
5. The beneficial effects of small dose heparin were less 


Lm apparent in patients undergoing hip and prostatic 


surgery and in those with malignancy who had surgery 
performed. The incidence of postoperative venous 


- "thrombosis in the control groups was considerably 


greater than in the control groups of patients under- 


"going elective general surgery. The incidence rate 


ranged from 37 to 54 percent in the untreated control 
patients undergoing hip surgery,??9? and ranged from 
5 to 73 percent (mean 28 percent) in the treated 
:groups.???! Although the latter incidence rate is lower 
than in the control groups, it is considerably higher than 


p that in a population of general surgical patients re- 


ceiving small dose heparin therapy (6 percent). 

In an innovative study of 84 patients undergoing 
total hip replacement, Sagar et al.?? randomized pa- 
tients into a small dose heparin group and a small dose 
heparin + dihydroergotamine group. Thirty-two con- 
currently studied patients received no treatment and 
-served as a control group. The frequency of deep vein 
thrombosis, determined from the radioactive leg scan 
and venography, was 69 percent in the control patients, 
32 percent in the group receiving small dose heparin and 
16 percent in those receiving the combination of small 
dose heparin and dihydroergotamine. Both treatment 


* TABLE IV 
B. Small Dose Heparin Prophylaxis in General Surgical 


-Patients Undergoing Elective Operation (venous thrombosis 
` detected with fibrinogen leg scanning) 


VT in VT in 
Dose Control Group Treated Group 











Series (qh) no. % no. % 
Kakkar et al. !^ q12 17/39 42 3/39 8 
Gordon-Smith etal.  q12 21/50 42 4/48 8 
Nicolaides et al.?' qi2 29/122 24 1/122 1 
Ballard et al.?? q12 16/55 29 2/55 4 
Gallus et al.” g 8 19/118 16 2/108 2 
Lahnborg et al.?4 q12 11/54 20 3/58 5 

-Madintyre * *5 qi2 47/128 37 15/128 12 
Kakkar! 1€ q8 164/667 25 48/625 8 
Rosenberg et at.78 q 8 38/89 44 4/55 7 
Strand?” q12 10/50 20 3/50 6 
Galius et al. '? g 8 66/412 16 16/408 4 
Gruber? q 8 36/100 36 12/94 13 
Total and mean 474/1884 25 113/1790 6 





* Scottish Multi-center Trial. 
t International Multicenter Trial. 
VT = venous thrombosis. 





groups showed significant differences from the control 
group. Nevertheless, the 16 percent incidence rate of 
deep vein thrombosis is considerably higher than the 
very low figure achieved in patients undergoing general 
surgery, and indicates that further studies are necessary 
in this high risk group to develop a reaily effective 
prophylactic procedure. This study also singles out di- 
hydroergotamine, a potent venoconstrictor, as a 
promising adjunct to small dose heparin prophylaxis. 

The incidence of venous thrombosis in patients 
undergoing urologie surgery ranges from 20 to 34 per- 
cent in control groups and 24 to 33 percent in treated 
groups receiving small dose heparin.7993 The data from 
these studies are difficult to interpret because of the 
wide variability of results, and they are not impressive, 
partly because all studies had a small number of pa- 
tients. The current thought is that small dose heparin 
is less effective in urologic patients than in general 
surgical patients and that more effective means should 
be sought for this group. l 

Patients with malignancy undergoing surgery are 
at a particularly high risk of having venous thrombosis 
develop postoperatively. The incidence rate of venous 
thrombosis in control groups ranged from 22 to 59 
percent, compared with 5 to 30 percent in the small dose 
heparin groups.!?2€24 Again, although the incidence 
rate was lower in the treated group, it was generally 
higher than in patients without malignancy. 

Results in acute myocardial infarctions: Al- 
though the vast majority of studies have assessed small 
dose heparin in surgical patients, the data from several 
studies of patients with acute myocardial infarction 
have been reported (Table V).?3:35-37 The earliest of 
these studies revealed no apparent benefit from heparin 
prophylaxis, although subsequent studies demon- 
strated a degree of benefit similar to that observed in 
the general surgical patients. Nevertheless, internists 
and cardiologists are reluctant to use heparin prophy- 
laxis routinely because of the presumed low incidence 
rate of clinical thromboembolism in myocardial in- 
farction in this country. Many clinicians believe that the 
high reported incidence rate of venous thrombosis de- 
tected with radioactive fibrinogen leg scanning is an 
interesting laboratory finding that may not be clinically 


TABLE V 


Small Dose Heparin Prophylaxis in Patients With Acute - 
Myocardial Infarction (venous thrombosis detected by 
fibrinogen leg scanning) 











VT in VT in : 

Dose Control Group Treated Group 

Series (qh) no. % no. 96 

Handley et ai.?5 qi2 7/24 29 8/26 23* 
Warlow et al.?9 qi2 11/64 17 2/63 3 
Gallus et al.2° q8 9/40 23 1/38 3 
Emerson and Marks? — q 12 — 14/41 34 2/37 5 
Total and mean 41/169 24 11/164 7 





* Difference between control and treated groups not significant: 
VT = venous thrombosis, 
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relevant. However, in a cooperativé trial of anticoagu- 
lation in patients with acute myocardial infarction 
sponsored by the Veterans Administration,?? the major 
difference was the reduced number of thromboembolic 
complications in the group treated with anticoagulant 

- agents: 7.8 percent in the treated group versus 18.8 

percent in the untreated control group. On the basis of 
.. these data, it is recommended that patients with acute 


: ; 3 myocardial infarction who are hospitalized receive 
' prophylaxis for venous thrombosis. Until other inves- 


tigations of other methods show superior results, small 
dose heparin is currently the prophylaxis of choice. 


Dextran 


Antithrombotic actions: Although the antithrom- 
botic actions of dextran have been known for almost 20 
years, the exact mechanism or mechanisms of these 
actions are not entirely known. Several suggested 


" . mechanisms include (1) stabilization of red cell sus- 


. pensions??; (2) coating of endothelial surfaces with a 
-protective layer, reducing the interaction with cell ele- 


L| Duenteinihe blood*®; (3) reduction of platelet function 


-- at the sites of endothelial damage*!; (4) alteration of red 
cell electrical charge*?; (5) expansion of plasma volume 
resulting in hemodilution with subsequent decrease in 
blood viscosity and increase in local blood flow veloc- 
ity13-55; and (6) alteration of thrombus structure (co- 
polymerization of dextran with fibrin monomer) to 
make it more susceptible to endogenous lysis.4647 

Two preparations of dextran have been used in 
clinical trials: Dextran 70 (Macrodex®), with a molec- 
ular weight of 70,000, and dextran 40 (Rheomacrodex®), 
with a molecular weight of 40,000. Although it was ini- 
tially thought that dextran 70 was biologically degraded 
to a molecular weight of 40,000, which is the active an- 
tithrombotic fraction, the two preparations are, in 
reality, handled differently in vivo. 18:49 

Results in surgically treated patients: Although 
a number of clinical trials to prevent venous thrombosis 
have been carried out with dextran, the results have 
been conflicting, primarily because the preparation, 


TABLE VI 


Dextran Prophylaxis Against Venous Thrombosis in General 
Surgical Patients (detection with fibrinogen leg Scanning or 
phlebography) 











VT in VT in 

Control Group Treated Group 

Series Agent no. 96 no. 926 

! s Jansen*? Dex 70 30/301 10 18/304 6 
Dex 40 ... ... 13/296 4 

Carter and Eban*! Dex70 10/101 10 1/106 1 
Becker and Schampi^? Dex 70 11/35 31 13/42 31° 
Stephenson et al.4 Dex 70 4/35 11 10/34 29° 
Ruckley55 Dex 70 47/128 37 32/128 25* 
Kline et aj.58 Dex 70 115/435 26 84/396 21* 


Gruber et al.52 
. Total and mean 


Dex 40 34/95 36 17/83 21 
251/1130 22 188/1389 14 


* Difference between control and treated groups not significant. 
Dex = Dextran; VT = venous thrombosis. 
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dosage and schedule protocols as well as the end point. _ s 
assessment procedures, have varied. In this brief survey 


of dextran efficacy, only those studies that used objec- 


tive assessments, such as radioactive leg scanning or — 
venography, or both, were selected for analysis (Table 


VD. 

General surgery: In general surgical patients, sev- 
eral studies? showed favorable results, although the - 
results of Gruber et al.52 were not as favorable as the 


others nor as favorable as with small dose heparinina _ : 
comparable group. In contrast, other studies? 56 


showed no significant effects compared with findings 
in a control group. If one combines all these series into 
a single pool of patients (perhaps a statistically unsound _ 
procedure because of the differences in study protocol), 
venous thrombosis developed in 22 percent of the con- 
trol patients and in 14 percent of those receiving dex- 
tran, which is hardly a striking difference. 
Orthopedic surgery: Better results of data 
prophylaxis were reported in patients undergoing hip 
surgery. Of the six selected studies (Table VII), four 
showed favorable results,5’-© and two®t®? did not. The 
study by Evarts and Feil5® was particularly revealing 





because a two dose regimen was used. When the stan- - - 
dard dose of 500 ml/day was employed for approxi- . 


mately 10 days, the incidence rate of venous thrombosis 
was 26 percent, in contrast to 56 percent in the control. 
group. However, when the dose was doubled to 1,000 
ml/day for 10 days, the incidence rate was strikingly _ 
reduced to 6 percent, thus suggesting that this is the 
better prophylactic regimen. 

Among the six selected series of patients undergoing 


orthopedic surgery venous thrombosis developed in 47 -> 


percent of the control group but in only 25 percent of the — 
dextran treated group, a significant reduction. Although 


several of these studies had dramatic results, dextran | 


is not an excellent prophylactic agent because of its | 
potential for side effects, the need for daily intravenous __ 


TABLE VII 


Dextran Prophylaxis Against Venous Thrombosis in 
Orthopedic Surgical Patients (detection with fibrinogen leg 
scanning or phlebography) 





VT in VT in 








Control Group Treated Group 
Series Agent no. 96 no. 96 
Johnsson et al.5? Dex 70 13/25 | 52 1/27 4 
Ahibergetal58 ^ Dex 70 16/45 36 5/39 i13 
Myhre and Holen?! Dex 70 22/55 40 11/55  20* 
Evarts and Fei? — Dex 70 20/36 56 85/19 26 
Dex 70 2/31 6 
(double 
dose) 
Daniel et al.6* Dex 70 19/31 61 33/55 60 
Harris et aj.99 Dex 40 15/61 28 
SDH 1420 $5 : 
ASA, 18/51 36.5 
1200 mg Tum 
Total and mean 90/192 47 72/287. 25 





* Difference between control and treated groups not significant. ; 
ASA = Aspirin; Dex = Dextran; SDH = small dose heparin. 
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infusions and its considerable expense during the pro- 
phylactic period. 


Platelet Antiaggregating Agents 


Antithrombotic mechanisms: The clinical trials 
using agents that suppress platelet function as pro- 
phylaxis against venous thrombosis stem from several 
observations suggesting that platelets are involved in 
thrombosis formation. Platelet aggregates have been 
noted at the site of origin of venous thrombosis, 5564 
suggesting that they may initiate a thrombus by sticking 
first to a site of venous endothelial damage. The re- 
ported changes in platelet coagulant activity in patients 


' undergoing hip surgery in whom venous thrombosis 


developed? and the shortening of platelet survival time 
and alterations in platelet adhesiveness in patients with 


|. recurrent venous thrombosis® appear to support this 


thesis. Because a number of agents can depress platelet 


function by impeding aggregability and adhesiveness, 
"it seemed reasonable to investigate the in vivo effects 


of these agents in preventing venous thrombosis. 
Reported clinical results in surgical patients: In 
an early study Browse and Hall®’ used dipyridamole in 
more than 600 general surgical patients. In the treat- 
ment group, 400 mg of the agent was administered daily. 
Unfortunately, the end point assessment ‘of venous 
thrombosis was based on clinical recognition rather than 
onobjective measures. The results showed no significant 
difference between the two groups: venous thrombosis 
developed in 4 percent and pulmonary embolism in 0.3 
percent in the dipyridamole-treated group, whereas 


^ venous thrombosis developed in 2 percent and pulmo- 


nary embolism in 0.6 percent in the control group. The 


very low incidence rate of venous thrombosis in the 


control group, compared with findings in other similar 
studies in which radioactive leg scanning was used for 
diagnosis, strongly suggests that clinical assessment for 
venous thrombosis is not reliable and that no solid 
conclusions can be drawn from these data. 

Five other reported studies were selected that were 
of reasonable design and that used either fibrinogen leg 
scanning or venography, or both, to confirm venous 


TABLE ViH 


Prophylaxis With Platelet Antiaggregating Agents in 
General Surgical Patients (detection with fibrinogen leg 


scanning or phlebography) 








VT in 
Agent VT in Contro Treated 
& Group Group 
Series Dosage no. 96 no. 926 





Carter et ai. 9? — Hydroxychloroquine — 6/26 23 0/26 0 
600 mg/d 


O'Brien et al.7° Aspirin 600 mg 13/20 65 28/38 75' 
: & 2400 mg/d 
BMRC?'! Aspirin 660 mg/d 33/150 22 42/153 28° 


Carter et at? — Hydroxychloroquine — 17/97 18 5/107 5 
800 mg/d 
Clagett et ai.7? Aspen 1300 mg/d | 10/49 20 3/56 6 


Total and mean 79/342 23 78/380 21 





* Difference not PEA 
BMRC = British Medical Research Council. 
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thrombosis in patfents undergoing general surgery 
(Table VIID. Carter et al.,8° in two studies that used 
several dose regimens of hydroxychloroquine, found a 
favorable result in general surgical patients. However, 
there were deficiencies in the protocol of their studies 
concerning maintenance of study blindness and objec- 
tivity and technique for diagnosing and confirming 
venous thrombosis. Nevertheless, on the basis of these 
favorable findings. we undertook to confirm these re- 
sults in a similar group of patients, using impedance 
plethysmography to diagnose deep vein thrombosis 
confirmed with venography. However, we found no 
difference in 80 patients and terminated the study. 

Similarly disappointing were the reported re- 
sults?*7! of aspirin prophylaxis in general surgical 
patients. The dosage appears not to be an important 
factor because the British Medical Research Council 
study?! found no significant difference when 600 mg and 
a 2,400 mg regimen was used. In the most recent study 
of aspirin?? in general surgical patients there was a fa- 
vorable result: Venous thrombosis was noted in 20 
percent of the control group but in only 6 percent of the 
treated group (Table VIII). 

Clinical implications: Hence, there are three studies 
that suggest a beneficial effect from administering drugs 
that suppress platelet function, and two studies that do 
not. As a group, it might be calculated that venous 
thrombosis developed in 79 of 342 patients (23 percent) 
in the combined control group.and in 78 of 380 patients 
(21 percent) in the combined treated group. It must 
therefore be concluded that the clinical trials of agents 
that suppress platelet function have been disappointing 
with respect to prophylaxis against venous thrombosis. 
The use of dipyridamole alone resulted in no difference 
between the treated and control groups although the 
study suffered from a lack of objective means of diag- 
nosing venous thrombosis. Aspirin was not effective in 
the majority of studies. Hydroxychloroquine, with only 
one favorable report, probably would not yield similar 
data under a scientifically acceptable protocol. There- 
fore, platelet function-suppressing agents cannot be 
recommended for use in presenting venous throm- 
bosis. 


Physical Compression of Calf 


Currently, many of the trials concerned with pre- 
venting venous thrombosis deal with methods of pre- 
venting stasis of limb venous blood. These attempts at 
prophylaxis are based on Virchow's postulate that ve- 
nous stasis is an important factor in producing deep vein 
thrombosis. Particularly if changes in blood coagulation 
aecompany stasis, as demonstrated dramatically in the 
rabbit by Wessler et al.,?? or if there is associated venous 
endothelial damage, or both, venous thrombosis is 
destined to develop. 

Because little can be dne E to correct a 
“hypercoagulable” state or venous endothelial damage, 
attention has been directed toward the most manipu- 
lable of Virchow's triad —stasis of venous blood. Tech-_ 
niques subsequently devised to alter blood flow are of. 
two types: (1) passive methods, and (2) active 
methods. 
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Leg elevation and elastic stockings: Passive 
methods presumably alter only velocity of venous blood 
flow, whereas active methods alter both velocity and 
volume of blood flow, a desirable feature in minimizing 

stasis within the venous valve cusps.”4 The earliest ef- 
— forts to correct venous stasis concerned simple physical 
methods that passively increased the velocity of limb 
venous blood flow. These concerned the elevation of the 
_ dependent legs and the application of elastic wrappings 
- or stockings. Although elevation of the legs to 15 to 20° 

-will double the velocity of venous flow, there is no ob- 
jective information that elevation before, during or after 
operation will reduce the incidence of deep vein 
thrombosis. Browse et al.,"* in fact, found that the in- 
cidence of venous thrombosis was essentially the same 
as in the dependent control leg (16 versus 19 percent). 
The previous widespread practice of applying elastic 
hose was based on data from the uncontrolled clinical 
study of Wilkins and Stanton,” who concluded that the 
incidence of pulmonary embolism was reduced by 
elastic stockings. 

Physical measures: Active measures to alter limb 
venous blood flow included early ambulation, me- 
chanical and electrical measures to stimulate calf muscle 
activity and the technique of external pneumatic boot 
compression. Early ambulation has been widely con- 
sidered on an empiric basis as a method of decreasing 
the incidence of venous thrombosis. However, there are 
no studies with objective assessments to support this 
view. On the other hand, a vigorous physical regimen 
consisting of leg elevation, use of elastic stockings and 
vigorous physiotherapy showed a slight reduction of 
venous thrombosis in patients undergoing general 
surgery.797? Patients were not randomly selected in the 
study of Flanc et al., which compared the effect of 
peri- and postoperative use of these combined physical 
measures with that of routine physiotherapy alone. No 
overall effect of prophylaxis was noted, although there 
was a definite trend toward significance in treated pa- 
tients over age 60 years. Tsapogas et al.,7 in a very 
similar protocol, reported data that nearly reached 
significance for the treated group. However, because of 
the overall lack of convincing data, and because of the 
frequent attention and manpower required to imple- 


TABLE IX 


Pneumatic Boot Compression Prophylaxis in General 
Surgical Patients 











VT in VT in 

Control Group — Treated Group 

Series no. 96 no. 96 

Sabri et al.®4 12/39 31 2/39 5 

Hills et al.85 23/70 33 7/70 10 

Roberts and Cotton? 27/104 26 6/94 6 

Taylor* 15/56 27 3/53 6 

Clark?” 7/36 19 0/36 0 
Leet 10/18 55 

-Lee®? 0/350 0 

. Tatal and mean 94/323 29 18/642 3 





* Unpublished data: Taylor DF, Boonkoom V, Weyden HB: Pneumatic 
intermittent compression in prevention of deep thrombosis. 
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ment such a vigorous regimen, this combination of. 
physical measures cannot be recommended. 

Calf muscle stimulation: Doran and White? dem- 
onstrated in 1967 that electrical stimulation of the calf 
muscles could increase velocity of limb venous blood __ 
flow. In addition, they concluded that the incidence of __ 
postoperative pulmonary embolism was reduced. _ 
Subsequently, other studies, using fibrinogen leg 
scanning to document venous thrombosis, were per- 
formed; three of these”?! revealed a significant effect — 
from calf muscle stimulation, whereas two?95? demon 
strated no significant effects. Overall, the technique - 
appears to be quite effective in reducing deep vein - 
thrombosis. However, its major disadvantages are that | 
it is painful to the patient and must be employed under __ 
anesthesia at operation. Therefore, it is not suitablefor 
daily use in the postoperative period. E 













Intermittent Calf Muscle Compression 


Intermittent external pneumatic boot compression 
of the calf muscles has been studied as a noninvasive | 
method of reducing the incidence of venous thrombosis. 
Although the complication of bleeding occurs rarelyin 
patients receiving small dose heparin prophylaxis, this _ 
treatment is an invasive procedure that results in some __ 
prolongation of the clotting or partial thromboplastin: 
time in 15 percent of patients.* Therefore, a great deal 
of attention has been diverted to the pneumatic boot, — 
which should provide effective prophylaxis without 
altering the ccagulant state of the blood. uw 

General surgical patients: Several investigators, — 
using fibrinogen leg scanning or venography in patients __ 
treated with pneumatic boot compression, have dem- 
onstrated very effective prophylaxis in general surgical __ 
patients (Table IX), as well as in higher risk patients __ 
such as those undergoing hip or neurosurgical proce- 
dures (Table X). In the early studies®+** the incidence: 
of venous thrombosis was reduced from 31 to 33 percent _ 
to 5 to 10 percent. Subsequently, similar favorable 
findings were reported.59-5? Lee et al.,? in an uncon- 
trolled sequential comparison found that no deep vein = 
thrombosis developed in 350 patients undergoing gen- 
eral surgery who had pneumatic boot compression 
during and after operation. In the year before the in- 
stitution of such prophylaxis, venous thrombosis de- 
veloped in 10 of 18 patients (55.5 percent) without- 






TABLE X 


Pneumatic Boot Compression Prophylaxis in High Risk 
Surgical Patients 





VT in Control VT in 





Type of Group — Treated Group =- 
Series Surgery no. 96 no. 96 





Cranley etal9? Hip replace- 13/106 12 8/88  9* 
ment ; 


Turpie etal.?? Neurosurgical 12/63 19 1/65 15 —— 
Skillman etal’? Neurosurgical 12/48 25 4/47 8 
Total and mean 37/217 17 13/201 .6 


* Difference between control and treated groups not significant. 
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prophylaxis. The study is weakened by the absence of 
concurrent control subjects but it is an impressive 
demonstration because of the absence of any venous 
thrombosis. Overall, in the general surgical patients 


_ from six investigational groups, venous thrombosis 
-. developed in 94 of 323 patients (20 percent) in the 
control groups but in only 18 of 642 patients (3 percent) 


treated with pneumatic boot compression. 
Neurosurgery and hip replacement: In other 

groups of patients in whom small dose heparin pro- 

phylaxis would not be appropriate, as in neurosurgical 


patients, pneumatic boot compression has been very 


effective (Table X). In two studies???! there was a sig- 
nificantly lesser incidence of venous thrombosis in the 
treated than in the control groups. 

In contrast, patients undergoing hip replacements, 
a very high risk group not generally responding well to 


. small dose heparin, did not respond beneficially to 








-pneumatic boot compression in the early studies?” 


{Table X). Subsequently, Lee et al.® reported excellent 
results in 193 patients undergoing surgery; deep vein 


. thrombosis did not develop in any of the 24 patients who 


had hip procedures. Similarly, Bechtol et al.,9? subse- 
quent to a study of pneumatic boot compression pro- 
phylaxis in 157 patients with hip replacement, com- 
pared this group with two other groups treated with 
dextran and with warfarin. Deep vein thrombosis 
diagnosed clinically developed in 13 percent in the calf 
compression group but in 23 percent in the warfarin 


group and 20 percent in the dextran group. Although the 


authors considered pneumatic boot compression su- 


^; perior to the other two regimens, their study is weak- 
ened because of the sequential nature of the study 





«. groups and principally because no objective measures 
-. were employed to diagnose deep vein thrombosis. Harris 
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et al. in a novel study, investigated patients with 
previous venous thromboembolism undergoing hip re- 
placement. Because of prior disease, baseline preoper- 
ative venograms were performed in each patient. On the 
basis of the venograms, patients were grouped into those 
with normal and those with abnormal preoperative 
venograms. The two groups were randomized into a 
pneumatic boot compression group or a warfarin group. 
In patients with normal preoperative venograms, there 
was no difference in incidence of venous thrombosis in 
those receiving pneumatic beot compression or warfarin 
prophylaxis. In patients with abnormal preoperative 
venograms, deep vein thrombosis developed in 10 of 18 
patients (55.5 percent) receiving pneumatic boot com- 
pression for 4 to 5 days, compared with 5 of 20 patients 
(25 percent) receiving warfarin. Although these results 
did not quite reach significance, there was a strong trend 
in favor of warfarin. 

Implications: With respect to the high risk group of 
patients with malignancy undergoing surgery, pneu- 
matic boot compression was not beneficial. In one se- 
ries,®5 venous thrombosis developed in 8 of 16 patients 
(80 percent) in the control group and in 5 of 9 patients 
(55 percent) in the treated group. Thus, further inves- 
tigations are needed in the high risk group of orthopedic 
patients, those with malignancy undergoing surgery and 
perhaps urologic surgical patients. In general, these 
patients do not respond dramatically to any of the 
available means of prophylaxis. Perhaps a combination 
of measures would be more effective, as recently dem- 
onstrated by Sagar et al.,?? who combined small dose 
heparin with dihydroergotamine. However, to be widely 
applicable, these combinations must still satisfy the 
criteria for optimal prophylaxis by being simple, non- 
invasive, safe and inexpensive. 
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Cardiac Pacing 


2. SIMPLICITY 








InterLith -RP. The simple response to changing 


rate requirements. 


InterLith-RP's straightforward rate pro gramming 
system gives you the power to respond to your patients’ 
changing rate requirements simply, safely, and non- 
invasively. Nine programmable pulse rates ranging 
from 51 to 120 ppm put the pacing decision where it 
should be: in your hands. 

The uncomplicated InterLith-RP system, available 
with both unipolar and bipolar pacemaker models, lets 
you alter pacemaker rate with asimple Programming 
Wand and Programmer. The rate is incremented in single 
steps from one value to the next by simply depressing the 
programming button with the Programming Wand over 
the site of the implanted pacemaker. 

The InterLith-RP combines simplicity with 
Intermedics pacemaker reliability to give you control 
and confidence in your heart pacing decisions. 

Simplicity isjust one important reason to put your 
confidence in the InterLith-RP 





InterLith® is a registered trademark of Intermedics, Inc., Freeport, TX. 
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CIPRICED FOR GREATER - 
ECONOMY = 


COST IS APPROXIMATELY 20% LESS THAN OTHER 
LONG-ACTING QUINIDINE GLUCONATE THERAPY" 


*The quantity of drug and frequency of administration needed to achieve desired.clinical results 
must be determined for each patient. 3 - à 
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"Brief summary of prescribing information 
-. DURAQUIN® (quinidine gluconate tablets) Sustained Release 
CLINICAL PHARMACOLOGY: In clinical studies, single doses of Duraquin produced a 
mean maximum plasma level at 2 hours which was maintained for 12 hours. This broad pla- 
teau indicates slow, continuous absorption from the gastrointestinal tract. 

“In multiple dose studies, administration of Duraquin tablets, 660 mg every 12 hours, pro- 
duced steady state (equilibrium) plasma levels shortly after 24 hours. The average quini- 
dine plasma levels (Cramer and Isaksson assay!) were 0.81 mcg/ml and the mean peak 
levels were 1.16 mcg/ml in a group of normal male subjects weighing 75 Kg. Following the 
last dose at steady state, quinidine plasma levels decreased at an approximate rate of 
50% in 10 hours. This compares to the expected plasma half-life of 6.3 hours for quinidine 
Sulfate tablets, USP. 

Therapeutic and toxic effects coordinate better with plasma levels than with dosage. 
While therapeutic levels of 3 to 6 mcg/ml with a range of 1.5 to 9 mcg/ml have been re- 
ported, these values are based on peak plasma levels determined by the less specific 
Edgar and Sokolow assay?This procedure yields quinidine levels averaging 22% higher 
than the Cramer and Isaksson assay. Plasma levels vary considerably in patients receiving 
identical doses. Therefore, it is advisable to adjust the dosage by monitoring plasma quini- 
| dine levels. 
INDICATION: Duraquin tablets are indicated for the prevention of premature atrial, nodal, 
or ventricular contractions. They are also indicated for the maintenance of normal sinus 
rhythm following spontaneous reversion or electrical conversion of atrial, nodal, or ventricu- 
lar tachycardia, atrial flutter and fibrillation (either paroxysmal or chronic) 


*Cramer, G. and Isaksson, B. Quantitative Determination of Quinidine in Plasma. Scandina- 


vian J. Clin. & Lab. Investigation 15, 553, 1963. 
."Edgar, A.L. and Sokolow. M. Experiences with the Photofluorometric Determination of 
Quinidine in Blood. J. Lab. Clin. Med. 36, 478, 1950. 
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STEADY-STATE PLASMA LEVEL 
AFTER 24 HOURS. 19-HOUR. 
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ALSO ACHIEVED: 


sustained-release tablets, 330 mg 
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CONTRAINDICATIONS: 1. History of hypersensitivity to quinidine manifested by throm- 
bocytopenia, skin eruption, febrile reactions, etc. 
2. Complete A-V block 
3. Complete bundle branch block or other severe intraventricular conduction defects ex- 
hibiting marked QRS widening or bizarre complexes. ” , 
4. Myasthenia gravis k 
5. Arrhythmias associated with digitalis foxicity. 
WARNINGS: 1. (a) In the treatment of atrial fibrillation with rapid ventricular response, ven- 
tricular rate should be controlled with digitalis glycosides prior to administration of 
quinidine. 
(b) In the treatment of atrial flutter with quinidine, reversion to sinus rhythm may be pre- 
ceded by progressive reduction in the degree of A-V block to a 1:1 ratio resulting in amex- 
tremely high ventricular rate. This potential hazard may be reduced by digitalization prior to — 
administration of quinidine. 

Recent reports have described increased, potentially toxic, digoxin plasma 
levels when quinidine is administered concurrently. When concurrent use is nec- 
essary, digoxin dosage should be reduced and plasma concentration should be 
monitored and patients observed closely for digitalis intoxication. i 
2. Quinidine cardiotoxicity may be manifested by increased PR and QT intervals, 50% wid- 
ening of QRS, and/or ventricular ectopic beats or tachycardia. Appearance of these toxic 
Signs during quinidine administration mandates immediate discontinuation of the drug, 
and/or close clinical and electrocardiographic monitoring. Note: Quinidine effect is 
enhanced by potassium and reduced in the presence of hypokalemia "2 
3. "Quinidine Syncope" may occur as a complication of long-term therapy. It js manifested. .— 
by sudden loss of consciousness and ventricular arrhythmias with bizarre QRS complexes. 
This syndrome does not appear to be related to dose or plasma levels but occurs more of- . 


ten with prolonged OT intervals. H : > - y 
E Brief summary continued on following page. 
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(QUINDINE GLUCONATE 
TABLETS) sustained-release tablets, 330 mg 


Brief summary continued fram previous page. 


4. Because quimdine antagonizes the effect af vagal excitation upon the atnum and the 
AV node, the acministration of parasympathomirmetic drugs icholine esters) or f 
y e ier procedure to enhance vagal activity may fai to terminate paroxysmal supraven- 
tachycardia in patents recesing quinidine 
5. Quinidine should be used with extreme caution in 
a) The presence ot incomplete & V block, e a complete block and asystole may result 
Quinidine may cause unpredictable abnormalities of rhythm in digitalized hearts. There- 
fore. it should beased with cautionin the presence of digitalis intexication (see 1 (b) above) 
D) Partial bundle branch block. 
. £g) Severe congestive heart failure and hypotensive states due to the depressant effects of 
quinidine on myocardial contractility and arterial pressure 
d) Poor renal function, especially renal tubular acidosis. because of the potential accumu- 
zation. of quinidine in plasma leading to toxic concentrations 
PRECAUTIONS: 
1. Test Dose — &nreliminary test dose of a single tablet of quinidine sulfate should be ad- 
ministered pror in the iniation of the sustained reease gluconate to determine whether 
the patient has an idiosyncrasy to the Quinidine molecule 
2. Hypersensitivity — During the first weeks of therapy. hypersensitivity to quinidine, al- 
though rare, should be considered (eg. angicedema, purpura, acute asthmatic episode. 
vascular collapse). 
3. Long-Term Therapy- Periodic blood counts and liver and kidney function tests should 
> De pedormed during long-term therapy and the drug should be discontinued if blood 
dyscresias or signs of hepatic or renal disorders occur 
< & Large Doses ~ ECG monitoring and determination of plasma quinidine levels are rec- 
omencded when doses greater than 2:5 g/day ars administered 
5. Usage in Pregnancy — The use of quinidine. in pregnancy should be reserved only for 
those cases where the benefits outweigh the poss:ble hazards to the patient and fetus 
6. Nursing Mothers — The drug should be used with extreme caution in nursing mothers 
because the drug is excreted in breast milk 
7. Generalin patients exhibiting asthma, muscle weakness. and infection with fever prior 
jo Quinidine administration, hypersensitivity reactions to the drug may be masked 
DRUG INTERACTIONS: 
1. Caution should be used when quindine and its. analogs are administered concurrently 
wüh coumann anticoagulants. Ths cornoinabon may reduce prothrombin levels and cause 
bleeding 
2. Quimdine, a weak base, may have ds halle prolonged in parents who are concurrently 
taking drugs thatcan alkalize the urine, such as thiazide diuretics, sodium bicarbonate, 
and carbonic anhydrase inhibitors. Qumidine and drugs which alkalize the urine should be 
used together cautiously 
3: Quinidine exhibits a distinct anticholinergic activity in the myocardial tissues. An additive 
vagolytic effect may be seen when quinidine and drugs having anticholinergic blocking 
activity are used together Drugs having cholinergic activity may be antagonized by 
quinidine 
4. Quinidine anchother antarrhythrmc agents may oroduce additive cardiac depressant ef- 
fects when admimusiered together. 
5. Quinidine interaction with cardiac glycosides (digoxin): See WARNINGS 
B. Antacds may delay absorption of quinidine but appear unlikely to cause incompiete 
absorption 
f Phencbarbitaland phenytoin may reduce plasma t. of quinidine by 50% 
8. Quinidine may potentiate the neuromuscular blocking effect in ventilatory depression of 
patients receiving decamethonium, tubocurare, or succinylcholine 
ADVERSE REACTIONS: Symptoms of cinchonism (ringing in the ears, headache. dis- 
türbed vision) may appear in sensitive patients after a single dose of the drug. 
Gastrointestinal: The most common side effects encountered with quinidine are reler- 
able to this system. Diarrhea frequently occurs, but it rarely necessitates withdrawal of the 
drug. Nausea, vomiting, and abdominal pain also occur. Some of these effects may be 
minimized by administering the drug with meals 
Cardiovascular: widening of ORS complex, cardac asystole, ventnicular ectopic beats, 
idioventricular rhythms including ventricular tachycardias and fibrillation: paradoxical 
tachycardia, arterial embolism and hypotension 
Hematologic: acute hemolytic anemia, hypoorothrombinerma, thrombacytopenic pur- 
pura, agranulacgtosis 
CNS: headache, lever, vertigo, apprehension, excitement, confusion, denum and syn- 
cope. disturbed hearing (tinnitus, decreased auditory acuity), disturbed vision (mydnasis, 
blurred vision. disturbed color perception. photophobia, diplopia. night blindness. scoto- 
mata): optic ne: 
Dermatologic: cutaneous flushing with intense pruritus 
Hypersensitivity reactions: angioedema, acute asthmatic episode. vascular collapse, 
respiratory arrest. 
DOSAGE AND ADMINISTRATION: Dosage should be titrated to give the desired 
clinical effect, e:g.. elimination of paroxysmal rhythm or reduction in premature 
contractions (See CLINICAL PHARMACOLOGY). This will often require prolonged 
ambulatory ECG monitoring, as hour-to-hour variability renders brief ECG record- 
ings unreliable. When doses larger than 2.5 g/day are used, quinidine blood levels 
should be monitored, if possible, and serial ECGs shouid be followed (See WARN- 
INGS and PRECAUTIONS). 

For prevention of premature contractions and maintenance of normal sinus rhythm fol- 
lowing spontanecus reversion or electrical cosverzion, the usual dosage is from 330 mg to 
E60 mg every eit hours, most patients requinng the higher dose 

<in elderly patients, andin patients in the lower end of the normal weight range. plasma 
“quinidine. determinations should be considered. Dosage adjustments may be required 
OVERDOSAGE: Cardictoxic effects of quinidine may be reversed in part by molar sodium 
lactate. the hypotension may be reversed by «asoconstrictors and by catecholamines 
since the vasoriiation is pariy due to alpha-adrenergic blockade) 
HOW SUPPLIED: N 0071-0850 {P-D 850) Duraguin (quinidine gluconate tablets) 330-mg 
tablets ase supplied in battles of 100 tablets 
AHFSCa'egory 24:04 YD 
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Aldactazide’ 


(spironolactone 25 mg./ 
hydrochlorothiazide 25 mg.) 





[ WARNING — 

Spironolactone, an ingredient of Aidactazide. has been shown to be a tumorigen in 
chronic toxicity studies in res (see Warnings). Aldactazide should be used only in 
those conditions descríbed inthe [ndications section of the complete prescribing infor- 
mation. Unnecessary use of his drug should be avoided. 

Fixed-dose combination drugs are not indicated for initial therapy of edema or hyper- 
iension. Edema or hypertension requires therapy titrated to the individual patient. If the 
fixed combination represents The dosage so determined, iis use may be more conven- 
‘ent in patient management. The treatment of hypertension and edma is not static, but 
must be reevalualed as conditions in each patient warrant. 


3Controindications: Anurig, acute renal insufficiency, significant impairment of renal 
function, hyperkalemia or acute-or severe hepatic failure. Allergy to thiazide diuretics or 
to other sulfonamide-derived drugs. 

Warnings: Excessive potassium intake may cause hyperkalemia. Potassium supple- 
ments should not be given with Aidactazide. Do not administer concurrently with other 
pctossium-sparing diuretics. Sulfonamide derivatives including thiazides have been 
reported to exacerbcte or activate systemic iupus erythematosus. 

“Spironolactone has been shewn to be a tumorigen in chronic foxicily studies in rats. in 
one study using 25, 75 and 250 times the usual daily human dose (2 mg. /kg.) there 
wes a statistically significant dose-refated increase in benign adenomas of the thyroid 
and testes. In female rats there was a statistically significant increase in malignant 
mammary tumors at the mid-cose only. In male rats there was a dose-related increase 
in proliferative changes in the liver. At the highest dosage level (500 mg. ‘kg.) the range 
of effects included hepatocytemegaly, hyperplastic nodules and hepatocellular car- 
cinoma; the last was nof statistically significant. 

Precautions: Patients should be carefully evaluated for possible disturbances of fluid 
and electrolyte balance. Hyperkalemia may occur in patients with impaired renal func- 
ticn or excessive potassium intake and can cause cardiac irregularities which may be 
fatal. Hypokalemia may develop. as o result of profound diuresis. particularly when 
Aldactazide is used concomitantly with loop diuretics, glucocorticoids or ACTH. Transient 
elevation of BUN may occur. Dilutional hyponatremio or rarely low-Salf syndrome may 
develop. Gynecomastia may develop and in rare instances some breast enlargement 
may persist. 

Thiazides may clter the metabolism of une acid and carbohydrates with possible 
hyperuricemia, gout and decreased glucose tolerance Vascular responsiveness fo 
norepinephrine is reduced. Thiazides may also increase the responsiveness to tubo- 
curarine. Thiazides may decrease serum PBI levels and prolonged therapy may induce 
hypercalcemia and hypophosphatemia. 

Spironolactone may and hydrochiorofhiazide does cross the placental barrier. Use in 
pragnant women requires tha! the anticipated benefit be weighed against possible haz- 
ards to the felus. Breast feeding should be discontinued when Aldactazide is being used. 

Adverse Reactions: 

Associated with spironolactone: Gynecomastia is observed not infrequently. Gas- 
frointestinal symptoms including cramping and diamheo, drowsiness, lethargy, head- 
ache, maculopapular or erythematous cutaneous eruptions, urticaria, mental confusion, 
drug fever, ataxia, inability to achieve or maintain erection, irregular menses or amenor- 
thea, postmenopausal bleeding. hirsutism and deepening of the voice. Carcinoma of the 
breast hos been reported but a cause-and-effect relationship has not been established. 

Associated with thiazides: Sastrointestinal symptoms (anorexia, nausea, vomiting, 
diarrhea, abdominal cramps), purpura, thrombocytopenia, leukopenia, agranulocy- 
losis, dermatologic symptoms (cutaneous eruptions, pruritus, erythema multiforme), 
paresthesia, ocule. pancreatitis, jaundice, dizziness, verigo, headache, xanthopsia. 
photosensitivity, necrotizing aagiitis. aplastic anemia, orthostatic hypotension, muscle 
spasm, weakness cnd restlessness. 

Adverse reactions are usually reversible upon discontinuation of Aldactazide. 


Address medical inquiries to: 


G. D. Searle & Co. 

Medical Communications Department 
Box 5110 

Chicago, Illinois 60680 911 


Searle & Co. 
San Juan. Puerto Rico 00936 


No longer grounded by hypertension... 
No longer grounded by the side effects of therapy. 


The majority of 32 USAF aircrewmen with elevated 
blood pressure failed to respond adequately to therapy 
with a thiazide diuretic. 


For these 32 patients, therapy with Aldactazide 
(spironolactone 25 mg./hydrochlorothiazide 25 mg.)* 
produced a 94% efficacy rate in blood pressure con- 
trol i—as well as an absence of orthostatic hypoten- 
sion and sedation which could compromise flying 
safety—84% returned to flying duty. 


Additive antihypertensive action 


Aldactazide is the only potassium-sparing combination 
of diuretics with additive action; that is, both compo- 
nents are consistently effective antihypertensive agents. 
The two diuretic agents in Aldactazide have different but 
complementary mechanisms and sites of action to pro- 

- vide additive antihypertensive effects. Aldactazide has 
been shown to be more effective in reducing blood pres- 
sure than either of its components used alone. 


Limitations to consider: 


Spironolactone has been shown to be a tumorigen in 
chronic toxicity studies in rats. Thus, Aldactazide should 





be prescribed only when other measures are considered 
inadequate or inappropriate. Fixed-dose combination 
drugs are not indicated for initial therapy. (See boxed 
warning and Warnings section of Aldactazide prescribing 
information.) 


ES 


Aldactazide 


(spironolactone 25 mg./hydrochlorothiazide 25 mg.) 


Effective long-term hypertension ther- 
apy when other measures are consid- 
ered inadequate or inappropriate. 


1. Hull, D. H., and others: Treatment of Hypertension in Aviators: A Clinical Trial With 
Aldactazide, Aviat. Space Environ. Med. 49:503-511 (March) 1978. 

* While nondiuretic antihypertensive medications should be considered for the 
general hypertensive population unresponsive to thiazides, USAF determined 
that the demands placed on crewmembers of high-performance aircraft made 
these therapies inappropriate. 





+ The authors suggest that the high success rate in this particular study may have been 


due to the relative mildness of their patients’ hypertension and to their concurrent 
adoption of corrective physiological measures. 


Before prescribing Aldactazide, please consult the complete prescribing information, a brief summary of which is on the facing page. 
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ED wete the one. 
See Ohio-Nuclear Inc. 
at The Society of Nuclear Medicine Annual Meeting, 
GeorgiaWorld Congress Center, June 2629 be 





B ezinning his study of 
Bf medicine at the age 
r f 14, Dr. Laennec completed 
his education during the 
umultuous days and 
. aftermath of the French 
- Revolution. Toward the end 
-of his brief, brilliant career, 
J. In which he brought a new 
. -sense of order and discipline 
. . to the profession, Dr. Laennec 
-brought about another 
- revolution, no less dramatic 
| for its absence of violence. 
|. His invention of the 
-stethoscope and discovery of 
—. the principles of auscultation 
— remain today landmarks 
in the development of 
knowledge of the human 
heart and chest. 
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. Trademark 


Each capsule contains 50 mg. of Dyrenium® 
(brand of triamterene} and 25 mg. of hvdrochlorothiazide. 


In Cardiac Edema — Limits Potassium Loss 

During diuretic therapy for edema associated with con- 
gestive heart failure, conservation of vital potassium stores — 
so important in the patient receiving concomitant digitalis— 
is a basic action of the ‘Dyrenium’ component in 'Dyazide'. 

Less critical, but important in fostering patient compliance | 
with maintenance therapy, patients treated with ‘Dyazide’ 
seldom develop hypokalemia, oftén a factor in patients’ 
decisions to abandon maintenance therapy because of muscle 
cramps, fatigue, and malaise. 










Avoids Development of Tolerance 

As the hydrochlorothiazide in ‘Dyazide’ exerts its diuretic o 
effect, ‘Dyrenium’ not only enhances fluid output, it blocks 
distal reabsorptive mechanisms stimulated by compensatory 
elevation of aldosterone. Even during extended maintenance. 
therapy, drug tolerance is avoided. 


Serum K+ and BUN should be checked periodically. 
(See warnings.) 

"Dyazide' can cause hyperkalemia, though it is rare in 
patients with normal renal function. Serum Kt and BUN 
should be checked periodically, particularly in elderly, dia- 
betics, and those with suspected or confirmed renal insuffi- 
ciency. Potassium supplements should not be used unless 
hypokalemia develops or dietary K+ intake is markedly 
impaired. Not for initial therapy (see box warning). 


See next page for brief summary of prescribing information, 





. SK&F Salutes 


A Pioneer in Cardiology 





RENE THEOPHILE HYACINTHE LAENNEC 


(1781-1826) 
Inventor of the Stethoscope 


Before prescribing, see complete 
prescribing information in SK&F Co. 
literature or PDR. A brief summary 
follows: 





WARNING 

This drug is not indicated for 
initial therapy of edema or hyper- 
tension. Edema or hypertension 
requires therapy titrated to the 
individual. If this combination 


represents the dosage so deter- 
mined, its use may be more con- 
venient in patient management. 
Treatment of hypertension and 
edema is not static, but must be 
reevaluated as conditions in each 
patient warrant. 


Contraindications: Further use in 
anuria, progressive renal or hepatic 
dysfunction, hyperkalemia. Pre- 
existing elevated serum potassium. 
Hypersensitivity to either component 
or other sulfonamide-derived drugs. 


Warnings: Do not use potassium 
supplements, dietary or otherwise, 
unless hypokalemia develops or 
dietary intake of potassium is mark- 
edly impaired. If supplementary 
potassium is needed, potassium tablets 
should not be used. Hyperkalemia 
can occur, and has been associated 
with cardiac irregularities. It is more 
likely in the severely ill, with urine 
volume less than one liter/day, the 
elderly and diabetics with suspected 
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DYAZIDE 


Each capsule contains 50 mg. of Dyrenium* 
(brand of triamterene) and 25 mg. of hydrochlorothiazide. 


Potassium-Sparing Diuretic* 


or confirmed renal insufficiency. 
Periodically, serum K+ levels should 
be determined. If hyperkalemia 
develops, substitute a thiazide alone, 
restrict K+ intake. Associated widened 
QRS complex or arrhythmia requires 
prompt additional therapy. Thiazides 
cross the placental barrier and appear 
in cord blood. Use in pregnancy 
requires weighing anticipated benefits 
against possible hazards, including 
fetal or neonatal jaundice, thrombo- 
cytopenia, other adverse reactions 
seen in adults. Thiazides appear and 
triamterene may appear in breast 
milk. If their use is essential, the 
patient should stop nursing. Adequate 
information on use in children is 

not available. 


Precautions: Do periodic serum 
electrolyte determinations (particu- 
larly important in patients vomiting 
excessively or receiving parenteral 
fluids). Periodic BUN and serum 
creatinine determinations should be 
made, especially in the elderly, 
diabetics or those with suspected or 
confirmed renal insufficiency. Watch 
for signs of impending coma in severe 
liver disease. If spironolactone is used 
concomitantly, determine serum K* 
frequently; both can cause K* reten- 
tion and elevated serum K+ . Two 
deaths have been reported with such 
concomitant therapy (in one, recom- 
mended dosage was exceeded, in the 
other serum electrolytes were not 
properly monitored). Observe 


regularly for possible blood dyscrasias, 
liver damage, other idiosyncratic 
reactions. Blood dyscrasias have been 
reported in patients receiving triam- 
terene, and leukopenia, thrombo- 
cytopenia, agranulocytosis, and 
aplastic anemia have been reported 
with thiazides. Triamterene is a weak 
folic acid antagonist. Do periodic 
blood studies in cirrhotics with 
splenomegaly. Antihypertensive effect 
may be enhanced in post-sympathec- 
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Real time two dimensional echocardiographic studies of the main coro 
arteries were performed in 30 normal subjects and 58 patients with th 
mucocutaneous lymph node syndrome. Four echocardiographic corona 
arterial patterns were observed: linear, dilated, fusiform or spherical. in 
normal subjects the left main coronary artery generally had a linear pattern 
but had a dilated pattern in two patients. The tight coronary artery could 
not be visualized clearly. In 7 of the 58 patients with the mucocutaneous 
lymph node syndrome, a portion of the left main coronary artery had a 
fusiform or spherical pattern, or both, and the stem of the right coronary 
artery aiso had a spherical pattern in 2 patients. In all five patients who 
had coronary angiography, the procedure confirmed an aneurysm in th 

left main coronary artery or its branching point and the stem of the left 
anterior descending coronary artery or the stem of the right coronary 
artery, or both. In three of the five patients, coronary arterial aneurysms. 
were predicted before coronary angiography was performed. Thus, two 
dimensional echocardiography is a reliable noninvasive method for 
evaluating coronary arterial aneurysms in infants and young children. : 





In 1967, Kawasaki! first described the mucocutaneous lymph node. 2s 
syndrome in infants and young children as a new clinical entity. Itisan: 
acute febrile illness with mucocutaneous involvement and is associated * 
with swelling of the cervical lymph nodes. A survey, begun in 1970 by 
the Ministry of Health and Welfare of Japan, revealed that. approxi: 
mately 12,000 cases had been reported in that country by 1977.2 This 
syndrome has also recently been reported in the United States, Canada, 
Greece, Australia and Korea.?-19 The prognosis is usually good, but death: 
occurs in 0.7 percent of patients, mainly as a result of cardiac lesions. 211 
Áneurysms and thrombosis of the main coronary arteries have been __ 
noted in nearly all autopsy cases,!!-!? and coronary arterial lesions have | 
frequently been demonstrated with coronary angiography in surviving — . 
patients with a history of this syndrome.!3-!5 UE 

Because the mortality and morbidity rates of coronary angiography __ 
are not always low, especially in patients with coronary arterial lesions 6. 
the procedure should not be performed in the active stage of the syn- 
drome. Therefore, noninvasive methods of determining the presence or __ 
absence of coronary arterial aneurysms would be of clinical value. In 1976 
Weyman et al.!? demonstrated the ability of two dimensional echocar- - 
diography to visualize the left main coronary artery in adult patients. 
In this study we evaluated the clinical usefulness and the reliability of 
this technique in detecting coronary arterial aneurysms in infants and 
young children. m 
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Methods 


Patients: Two dimensional echocardiographic studies of 

the main coronary arteries were performed in 58 infants and 

= children with the mucocutaneous lymph node syndrome. 
=. Serial echocardiographic recordings were also performed in 
* 86 of these patients at 1 to 2 week intervals during the active 
vo Stage of the disease. Of the 58 patients, 32 were male and 26 
-- female; their ages ranged from 2 months to 10 years (mean 4 
- years). The diagnosis of this syndrome was made on the basis 
of criteria prepared by the Japanese Mucocutaneous Lymph 
Node Syndrome Research Committee in 1972.18 Coronary 
angiography was performed in nine patients who were sus- 
pected to have coronary lesions on the basis of clinical and 
laboratory findings. A control group consisted of 30 normal 
children who had no heart disease as assessed from a history 
and physical examination; 12 were female and 18 male; their 
ages ranged from 3 months to 12 years (mean 5 years). They 
were evaluated for the adequacy of visualization of the coro- 
nary arterial structures and assessment of any causes of po- 


tential false positive diagnosis of coronary arterial aneu- 


rysm. 

Echocardiographic studies: Two dimensional echocar- 
diographic studies were performed using a commercially 
available electronic linear scanner (Aloka SSD 200, Aloka 
Company, Ltd., Tokyo, Japan.). A hand-held probe, 5 cm long 
and 1 cm wide, was utilized in each case. This probe contains 
a 3.5 megahertz, 60 element transducer adjusted to focus at 
4 and 7 cm. The system is routinely operated at a rate of ap- 
proximately 30 to 60 frames/sec which yields a line density of 
100 lines/frame; the system results in a picture 4.5 cm in width 
and is adjustable to visualize the area within a depth of 15 cm. 
An electrocardiogram is displayed simultaneously on the os- 
cilloscope to determine the timing. The clearest image ob- 
tained by electrocardiographic gating was selected, and its 
image was recorded on the Polaroid? photographs directly 
from the oscilloscope during the expiration phase when pos- 
sible. Patients were examined in the supine or slightly left 
lateral position. 

The position of the probe and its relation to the main 
coronary artery are shown in Figure 1. The probe is placed 
oblique to the left sternal border, along the long axis of the left 
ventricle, and the appearance of the aortic valve is the first 
orientation point. The probe is then rotated 30° to 40° 
counterclockwise, angled slightly above the chest wall, with 
the aorta to the right of the image. With this rotation, a dense 
"mass of echoes" * appears on the left border of the aorta and 
beneath the pulmonary artery or right ventricular outflow 
tract. The linear echo-free structure can be seen in this mass. 
This is the reference point for visualizing the left coronary 
artery (Fig. 1, position 1). With further counterclockwise 
rotation, the probe becomes parallel to the ribs in the area of 
the second or third left intercostal space posteriorly (Fig. 1, 
position 2). The probe is then set at position 3 with a further 
10° to 15? rotation and with the beam directed slightly su- 
periorly. During these procedures, the records are made at the 
point where the widest mass of echoes and the longest linear 
pattern in the mass are obtained. 

The child is then placed in the left decubitus position and 
the probe is set in the area of the third and fourth intercostal 
space, with the beam directed to the right and superiorly to 

ye the short axis of the aorta (Fig. 1, position 4). 


* The term "mass of echoes," first used by Weyman et al.,'? cor- 

responds to dense echoes normally seen behind the pulmonary artery 

-- in the routine M mode echocardiographic examination of the pulmonary 
artery, described as the atriopulmonary sulcus by Gramiak et al. '9 
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planes, the left main coronary artery is bordered ante-.. 
















Results 


Norma! subjects: The left main coronary artery. 
appears as a linear echo-free structure originating in the. 
left inferior border of the aorta. In most patients, when 
the probe was placed in position 2 and the beam was: 
directed perpendicular to or slightly above the chest 
wall, optimal planes were obtained. In these optimal 


riorly by the pulmonary artery or the right ventricular 
outflow tract, posteriorly by a portion of the left atrium, - 
to the right by the aorta and to the left by a portion of- 
the left ventricle or the lung (Fig. 1). : 

Of 30 control subjects, 25 (83 percent) had satisfac 
tory images of the left main coronary artery (more than 
4mm in length), but in 5 the images were less than 3 mm. 
long. Twenty-seven (90 percent) also had a wide “mass - 
of echoes" longer than 8 mm. In 23 of the 25 patients - 
who had satisfactory images, the echocardiogram © 
showed a linear pattern and in the other two a dilata- 
tional pattern. In three studies the branching point of - 
the left main coronary artery could be visualized. In - 
contrast, the stem of the right coronary artery could not 
be visualized clearly in any of the probe positions or __ 
directions tried. No fusiform or spherical pattern was 
observed in any subject with a carefully executed re- 
cording and interpretation. — 

Patients with the mucocutaneous lymph node = 
syndrome: Satisfactory visualization of the left main | 
coronary artery and of the wide “mass of echoes” was - 
obtained in 51 of the 58 patients (88 percent). Forty-one __ 
of these patients had a linear pattern, three a dilata- ts 
tional, one a fusiform, five a spherical and one botha __ 
spherical and a fusiform pattern. In two patients a... 
spherical pattern was found in the stem of the right __ 
coronary artery. In all 51 patients the same patterns. — 
were obtained repeatedly. Nine patients underwent- 
coronary angiography in addition to two dimensional =~ 
echocardiography, including seven whose echocardio- __ 
gram revealed a coronary arterial aneurysm. Tablel 
compares the angiographic and echocardiographic |. 
findings in these seven patients. 5 

Only the estimated size of the aneurysm could bec- 
assessed in patients with continuous multiple aneu- __ 
rysms. The estimated size of the aneurysm and its dis- 
tance from the ostium of the aorta may differ depending — 
on the section of the aneurysm and coronary artery __ 
studied. The results of echocardiography and angiog- 
raphy were similar in the nine patients with both ~~ 
studies. Four patients who had a linear or dilatational 
pattern in the echocardiogram had a normal coronary: 
angiogram. All five patients with a fusiform or spherical 
echocardiographic pattern were confirmed to have 
coronary aneurysms, one in the left main coronary ar- 
tery, one in the branching point of this artery and in the 
right coronary artery, one in the stem of the left anterior... 
descending artery, one in the left main coronary artery, - 
the left anterior descending artery and the stem ofthe 
left circumflex artery, and one in the branching point - 
of the left main coronary artery, the left anterior de- 
scending artery and the right coronary artery. 


















> 


ECHOCARDIOGRA! 


TABLE | 


IC DETECTION OF CORONARY ANEURYSM—HIRAISHI ET AL. ' 


Two Dimensional Echocardiographic and Angiographic Data in Seven Patients With Mucocutaneous Lymph Node Syndrome 


Size of Aneurysm (mm) 








Distance From 








: Ostium of 
Ange Aorta to Aneurysm 
Case 2D Echo LCA : (mm) 
no Sex Age LCA RCA LMCA B CAD LCX RCA 2DEcho Angio 
1 F 1 yr 4 mo 5X2,4X3 6X4 6x5 6X6 3 4 
2 M 4 mo 14X7 8X8 10 X 8 11X6 12 X 10 2 2 
3 M 10 mo 4X2 7X5 4 4 
4 F 3 yr 9 mo 4X4 5X4 8 8 
5 M 2 mo 7X5 6x6 10X8 14 X9 6 10 
6 F 1yr 2X2 E = = - = 3 = 
7 M 6 yr 4X4 m - -— = 2 - 


B = bifurcation of left main coronary artery; LAD = left anterior descending coronary artery; LCA = left coronary artery; LCX - left circumflex 
coronary artery; LMCA = left main coronary artery; ? = distance undefined; — = angiography not performed. 


Figure 2 shows the echocardiographic image in Pa- 
tient 4, who had an aneurysm of the stem of the left 
anterior descending artery confirmed with angiography. 
The size of the aneurysm and the distance from the 
ostium of the aorta to the aneurysm were approximately 
similar to those observed with subsequently performed 
coronary angiography. In this patient, a wider image of 
“mass of echoes” beneath the right ventricular outflow 
tract was useful in obtaining a clear image of the aneu- 
rysm of the left anterior descending artery (Fig. 3). 

Figure 4 shows the echocardiogram and coronary 
angiogram from Patient 5 with aneurysms of the 
branching point of the left main coronary artery and the 





stem of the right coronary artery. Àn angiogram from 
this patient again demonstrates the similarity in ap- 
pearance of the aneurysm observed with these two 
techniques. 

Prospective study: In 5 of the 36 patients who had 
serial echocardiograms obtained during the active stage 
of the disease, a spherical or fusiform pattern was ob- 
served 2 to 4 weeks after the onset of the disease. The 
serial echocardiograms from Patient 6 are shown in 
Figure 5. All these patterns persisted for 2 to 10 months 
(in four patients), but in one patient this pattern dis- 
appeared in 2 months. Of the five serially studied pa- 
tients who underwent coronary angiography, all three 


FIGURE 2. Case 4. Left, coronary angiogram in anteroposterior projection showing the aneurysm (arrow) of the left anterior descending coronary 
artery. Right, two dimensional echocardiogram. The left main coronary artery (LMCA) originates at the left inferior border of the aorta (AO) and 


extends laterally to communicate with a spherical echo-free space (arrow) representing the aneurysm. RVOT = right ventricular outflow tract; 


other abbreviations as in Figure 1. 
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with a positive echocardiogram were confirmed to have 
coronary arterial aneurysms. In one of the remaining 
two patients, followed up for 2.5 years (Fig. 6), a pattern 
suggesting formation of thrombus in part of the aneu- 
rysm was observed at the 2 years follow-up study, but 
it disappeared 6 months later, although the aneurysm 
persisted without changing in size. 


Discussion 


The mucocutaneous lymph node syndrome is a dis- 
ease of unknown etiology and pathogenesis most fre- 
quently affecting infants and children less than 5 years 
of age.” One study?! found, in the active stage of the 
disease, abnormal electrocardiographic patterns in al- 
most all patients, cardiomegaly in 35 percent and ab- 
normal heart sounds in 80 percent.?! Pericardial effu- 
sion was detected with echocardiography in 8 of our 36 
patients, and a marked decrease in left ventricular 
performance was observed in 3. These findings suggest 
that not only arteritis but also myocarditis and peri- 
carditis occur in the active stage of the syndrome. Some 
investigators!?.14 found aneurysmal narrowing, tortu- 
osity and obstruction of the coronary artery in 40 to 60 
percent of surviving patients who underwent coronary 
angiography. Our study and a pathologic study!? also 
demonstrated the presence of coronary aneurysms 2 to 
4 weeks after onset of the syndrome. Thus, aneurysms 
may already be forming 1 to 2 weeks after the onset. The 
majority of reported deaths occurred in the 3rd or 4th 
week of the illness, but late death due to coronary artery 
disease and extensive myocardial infarction 1 to 8 years 
after the onset of illness has frequently been re- 
ported.7.22-25 





FIGURE 3. Case 4. Two dimensional echocardiogram from the same 
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Some authors?9?7 suggest that anticoagulant therapy 
including aspirin inhibits the formation of aneurysm 
and thrombus and may prevent sudden death. In chil- 
dren with severe coronary arterial obstruction and 
myocardial infarction, treatment with coronary bypass 
surgery is under investigation.?9?9? Therefore, early di- 
agnosis of coronary arterial aneurysm and follow-up of 
these patients are extremely important. The detection 
of coronary arterial lesions with coronary angiography 
is accurate but is accompanied by some risk. Such in- 
formation is not easily obtainable in the active stage 
because coronary angiography is generally performed 
after the active stage has completely subsided, as judged 
from clinical and laboratory findings. 

Role of echocardiography in diagnosis of coro- 
nary arterial lesions: Noninvasive visualization of the 
main coronary arteries is therefore of clinical value. 
Weyman et al.!? first demonstrated that it was possible 
to record the left main coronary artery utilizing a me- 
chanical sector cross-sectional echocardiographic 
technique in adult patients. They confirmed that the 
structure visualized was in fact the left main coronary 
artery by injecting Cardiogreen? dye directly into the 
left main coronary artery. Matsuo et al.®° also visualized 
a coronary arterial aneurysm in two children with the 
mucocutaneous lymph node syndrome by electronic 
sector two dimensional echocardiography. 

We visualized the main coronary arteries utilizing the 
electronic linear two dimensional echocardiographic 
technique in infants and children. The advantages of 
the electronic multicrystal scanner are that a wider field 
and more accurate information, especially at short 
distances, can be obtained with less interference by the 





LMCA 
patient. The "mass of echoes” (ME) beneath the right ventricular outflow 


` tract (RVOT) is wider in the right than in the the left echocardiogram. The aneurysm (arrow) of the left anterior descending coronary artery is clearer 
l in echocardiogram at right. LMCA = left main coronary artery; other abbreviations as in Figure 1. 
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8 weeks 
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FIGURE 5. Case 6. Serial two dimensional echocardiograms during the active stage of the mucocutaneous lymph node syndrome. A spherical 


echo-free space (arrow), found in the area 3 mm distant from the ostium of the left main coronary artery (LMCA) at 3 weeks; this did not change 
at 8 weeks. AO = aorta; RVOT = right ventricular outflow tract. 


A B 
After 2 years 





C After 2.5 years 


RVOT 


AO 





POSITION 4 


FIGURE 6. Case 2. Serial two dimensional echocardiograms. A, spherical echo-free space (arrow) is evident in the left coronary artery. B, an 
echocardiogram performed 2 years later shows a pattern suggesting the formation of thrombus (arrowhead) in the echo-free space. C, the pattern 


- seen in panel B has disappeared 6 months later. The arrow points to the aneurysm. LA = left atrium; RVOT = right ventricular outflow tract; other 
Y abbreviations as in Figure 1. 
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_ ribs in children. In our study, the distance to display was 
- adjusted to 5 to 7 cm because the left main coronary 
_ artery lies at a 3 to 5 em depth in infants and young 
. children. With such adjustment, 40 to 50 frames/sec 
* were obtained. An image obtained with electrocardio- 
- graphic gating during one cardiac cycle was adequate 
_ for analysis, and the quality was good. Resolution is 
* described by the manufacturer of the system to be good 
enough for a 2 mm width and 1 mm depth of a close 
- object. Resolution of the image seems to be adequate 
-: because a left main coronary artery with a diameter of 
" 1 mm was detected as two straight lines, and 90 percent 
::of the left main coronary arteries detected in our study 
were less than 2 mm in diameter. Therefore, it was 
- possible to get a clear image of the left main coronary 
. artery even in infants under age 6 months. 
Problems in echocardiographic interpretation: 
< It is important to position the probe and to direct the 
- beam in a manner that will avoid false positive readings. 
_ When the left coronary artery is visualized, the branch 
. of the pulmonary artery may be visualized as an echo- 
_ free space if the beam is directed too superiorly; a part 
_ of the pulmonary artery and left ventricle are also 
_ visualized if the beam is directed inferiorly from a higher 
intercostal space. These echo-free spaces resemble the 
aneurysm but, carefully judging the relations of the 
- aorta, “mass of echoes" and echo-free space and by 
-checking the persistence of these relations as the scan- 
- ning plane changes, false positive interpretations can 
_ be avoided. 
-Although our study group is too small to permit 
-evaluation of false negative results the following find- 
ings may be relevant. Because of anatomic reasons, 
. detection of aneurysms in the left circumflex and the 
_ right coronary arteries may be difficult. The left cir- 
` @amflex artery turns sharply as it branches away from 
ihe left main coronary artery and is no longer in the 
. scanning plane after this branching, and the sternum 
_ may prevent the recording of the stem of the right cor- 
onary artery. However, we were able to visualize clearly 
the aneurysm of the stem of the right coronary artery 
by changing the position of the patient and the direction 
tof the beam (position 4). 
` The length of the left main coronary artery is an im- 
portant factor in whether two dimensional echocardi- 











ography can detect a coronary aneurysm at its branch- 
inz point or at the stem of the left anterior descending 
artery, the two sites where aneurysms occur most fre- 
quently in patients with the mucocutaneous lymph node 
syndrome.?! Previous reports indicated that in adults 
the length of the left main coronary artery ranged from 
4 to 15 mm (mean 10.5 mm) on angiographic study?? 
and from 0 to 32 mm (mean 9.5 mm, less than 20 mm in 
95 percent of patients) on pathologic study.?? There is 
no report concerning the length of the left main coro- 
nary artery in children, but presumably it is correlated 
with age. We were able to visualize the "mass echo" 
surrounding the left main coronary artery for a distance 
of more than 8 mm in 90 percent of children. Therefore 
we believe that in most children it is possible to detect 
an aneurysm of this vessel and its branching point with 
the two dimensional echocardiogram. The smallest 
aneurysm confirmed with angiography in our study was 
4 to 5 mm in diameter, but we cannot comment on de- 
termining the size from our study because of the small 
number of patients and variable measurement at each 
scan plane. | : 

Implications: From our studies we conclude that, 
with careful recording and interpretation, two dimen- 
sional echocardiography is a useful and reliable method 
for the diagnosis and follow-up of patients with coronary 
arterial aneurysm. 
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Addendum 


Since this paper was submitted, Yoshikawa et al.?* reported 
detection of aneurysms of the right as well as the left main 
coronary artery with two dimensional echocardiography. Our 
results agreed with theirs. However, we believe that the linear 
scan methods we used are more suitable for infants than the 
sector scan methods because thev provide better visualization 
of the structures in the near field. Use of this technique in our 
patients and normal subjects yielded few positive results and 
permitted detection of the aneurysm at the bifurcation of the 
left main coronary artery and the stem of the left anterior 
descending artery. 
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à Sucking Action of the Left Ventricle 


: Demonstration of a Physiologic Principle by a Gunshot Wound Penetrating Only the 
. Right Side of the Heart 







^ WILLIAM. C. ROBERTS, MD, FACC This report describes a man who died after a gunshot wound that entered 
__ WILLIAM J. BROWNLEE, MD the right atrium and exited from the right ventricle without entering the 
ANCIL A. JONES, MD cardiac septa or the left side of the heart. At necropsy, the left atrial ap- 
JAMES L. LUKE, MD pendage was found to be inverted and invaginated into the mitral orifice. 
p Bethesda, Maryland The invagination of the left atrial appendage is viewed as anatomic evi- 
| dence that a negative left ventricular pressure was created as the left 
ventricular volume rapidly decreased as a result of right-sided cardiac 
exsanguination. Previously reported experiments in animals demonstrating 
the sucking (negative pressure) action of the left ventricle during ven- 
tricular diastole are summarized. The prerequisite for creation of a neg- 
ative pressure in the ventricies during diastole is an extreme diminution 
in left ventricular volume, in this case as a result of right-sided cardiac- 
bleeding. Only a vacuum effect of the left ventricle during diastole can 
explain the inversion and invagination of the left atrial appendage in this 
palient. s 





Whether the human cardiac ventricles can create a negative pressure or 
have a suction-like action has been debated for years. This report is the 
first to present evidence that the human left ventricle does have the 
capacity under certain circumstances to create a negative pressure and 
to suck blood into it from the left atrium. 


Case Report — 1 


The bullet from a 0.38 caliber handgun penetrated the right side of the chest of 
a 27 year old man sitting in a car, killing ham within minutes. At necropsy (Case 
78-301), the right side of the chest contained large quantities of blood, and about 
300 ml of blood was present in the pericardial sac which had been severed by the 
bullet at two sites (Fiz. 1). The projectile had entered the heart through the right 
atrial appendage and exited through the right ventricular outflow tract. The 
bullet did not enter the left side of the heart, and both atrial and ventricular septa 
were intact. The left side of the heart was completely devoid of blood, and the 
left atrial appendage was inverted and invaginated into the mitral orifice (Fig. 
land 2). < 





Comments 
Spontaneous invagination of the left atrial appendage into the mitral 
orifice has not been described previously to our knowledge, and its ex- 
planation provides new insight into the physiologic dynamics of the 
7 From ihe Pathology Branch, National Heart, Lung, SAL left ventricle. When the bullet perforations were made in the 
.. and Blood Institute, National Institutes of Health, walls of the right atrium and ventricle, no blood thereafter entered the 
Bethesda, Maryland, and The Office of the Chief lungs. Tamponade was prevented because the perforations in the parietal 
|. Medical Examiner, Washington, D.C. Manuscript pericardium provided egress for blood entering the pericardial sac from — + 
Bi iit psu 5, 1978; DNE the right atrium and ventricle. After the cardiac wound, the only blood 
= received and accepted January. 10, 1979. available to the left ventricle was that already present in the left-sided , 
Address for reprints: William C. Roberts, MD, 2 : TEE Tte. : : 
-.. Building 10A, Room 3E-30, National Institutes of chambers and in the lungs. After emptying its chambers and the blood 






Health, Bethesda, Maryland 20014. . in the lungs, the left ventricle created a sucking action—actually 
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FIGURE 2. Opened left atrium, mitral valve and left ventricle showing 
the inverted left atrial appendage protruding into the mitral valve ori- 
fice. 


a vacuum effect—that caused the left atrial appendage 
to invaginate and to be “pulled” through the mitral 
orifice toward the left ventricle. 

For years, indeed centuries, it has been debated 
whether the cardiac ventricles filled entirely passively 
or filled to some extent by an active sucking action. In 
1628, William Harvey! stated “... it is not true, as 
commonly believed, that the heart by its own action or 
distention draws blood into the ventricles ... blood 
enters the ventricles, not by the suction or dilatation of 
the ventricles, but by the beat of the auricles.” In 1922, 
Wiggers and Katz? demonstrated that it was not atrial 
contraction which filled the ventricles, and in 1930 
Katz, utilizing the isolated turtle ventricle connected 
to a reservoir, demonstrated during relaxation that the 
pressure within the ventricle dropped below the zero 
level of the system, thus demonstrating that the mam- 
malian ventricle “. . . can exert a sucking action...” 

Experimental demonstration of negative pres- 
sures within the ventricles: Several experimental 
preparations described in the 1950’s demonstrated 
negative pressures within the cardiac ventricles.^-!? In 
all of these preparations and in our patient, negative 
pressures were created in the ventricular cavities only 
when the ventricular end-systolic volumes were ex- 
tremely small. In 1955 Bloom^ demonstrated, with 
motion pictures of the excised rat heart immersed in 
saline solution, that the left atrial walls descended into 
the mitral orifice (just as in our patient) with each 
ventricular diastole and that fluid was ejected from the 
aorta with each ventricular systole. Bloom concluded 
that the ventricle was able to fill only because it had 
developed a negative pressure. In 1956, Bloom and 
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Ferris,?9 using the excised beating rat heart suspended 
in saline solution, found that with the atria intact the 
ventricular pressures were continuously negative 
(causing the atria to collapse, as in our patient, and thus 
preventing inflow into the ventricles). However, when 
the atria were excised, the ventricular diastolic pressure 
was only slightly negative and the systolic pressure in 
the ventricles was positive. These authors also found 
that in the open chest intact dog the right ventricular 
diastolic pressure was slightly negative and became 
progressively more negative as the inflow (from the 
superior and inferior vena cava and coronary sinus) was 
oceluded. As the venous return was progressively more 
oceluded, the ventricular pressure tracing approached 
that of the excised heart with intact atria. In 1956 
Brecher’ also recorded negative (—1.3 to —10.8 cm H20) 
ventricular diastolic pressures in the intact dog heart 
(submerged by filling the chest with saline solution) 
when the mitral orifice was temporarily occluded. 
Ventricular diastolic pressures in some animals became 
more negative when epinephrine was administered. 
Although the mitral orifice was occluded in his experi- 
ments, saline solution or blood flowed into the ventricle 
through a left ventricular cannula connected to a res- 
ervoir situated below the level of the heart. He con- 
cluded that the mammalian ventricle was capable of 
sucking blood from the atrium into its cavity. 

Using the same experimental design and the dog, 
Brecher and Kissen? showed that the negative diastolic 
ventricular pressure of the empty or severely volume- 
depleted ventricle (from manual expression of the 
ventricular contents) gradually rose to 0 and finally 
became positive as fluid was progressively added to the 
ventricles. An average of 5 and 8 ml of fluid had to be 
added to the right and left ventricles, respectively, to 
raise the negative ventricular pressures to 0. 

Fowler and associates? confirmed the observation of 
Brecher that obstruction to left ventricular inflow 
(produced by inflation of the bag of a Foley catheter 
inserted through the left atrial appendage) did indeed 
result in negative (—2.5 to —18 mm Hg) left ventricular 
diastolic pressures; obstruction to right ventricular in- 
flow (produced by occluding the superior and inferior 
vena cava and coronary sinus) caused negative (—1 to 
—3 mm Hg) right ventricular diastolic pressures. As 
Brecher!!! observed, negative ventricular diastolic 
pressure did not develop immediately upon obstruction 
to filling, but rather after several heart beats. This ob- 
servation indicates that the negative pressure occurs 
only after the heart has been reduced to a critical vol- 
ume by expulsion of its contents in systole. 

Role of hemorrhage from right ventricle: Fowler 
et al.? produced experimentally the identical situation 
that occurred spontaneously in our patient, namely, the 
effect of rapid bleeding from the right ventricle on left 
ventricular diastolic pressure. Rapid exsanguination was 
produced by inserting a rubber tube into the right 
ventricular cavity, the same site of bleeding as in our 
patient. During removal of 360 to 700 ml of blood in 89 
to 236 seconds, the left ventricular diastolic pressures, 
fell from control levels of 0 to +5 mm Hg to —2.5 to —6.5 
mm Hg. 
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p Fatal Acute Bacterial Myocarditis After Dentoalveolar Abscess 


- EDWARD A. PALANK, MD, FACC A 19 year old woman presented with chest pain after a dental extraction 


-. :MODUR L. JANARDHANA, MD for a dentoalveolar abscess. Electrocardiographic and serum isoenzyme 
_ MILTON UTELL, MD changes were consistent with acute anterior myocardial infarction. At 


autopsy bacteria were demonstrated within the myocardium in the ab- 
sence of a myocardial abscess or endocarditis. This case illustrates the 
occurrence of isolated acute bacterial myocarditis after a dental ex- 
traction. 


: Manchester, New Hampshire 





Myocarditis presents as inflammatory changes within the myocardium 
without involvement of the valves, pericardium or other cardiac struc- 
tures. Myocarditis has been documented to be secondary to bacteria, 
viruses and toxic agents as well as to immune response mechanisms,! 4 
The clinical presentation of myocarditis may be an arrhythmia, chest 
pain, fever or even sudden death or an acute myocardial infarction. 

The following case report describes a young woman who, after 
treatment for a dentoalveolar abscess, presented with chest pain and 
electrocardiographic findings of acute myocardial infarction. At necropsy 
there was isolated bacterial myocarditis with three distinct organisms 
demonstrated in the myocardium in the absence of endocarditis. This 
appears to be the first case of acute isolated bacterial myocarditis in 
which the organism was demonstrated within the myocardium. 


Case Report 


A 19 year old white college student was well until 12 cays before admission 
when she sought dental attention. A dentoalveolar abscess was found and the 
affected tooth was extracted. She was treated with erythromycin, 250 mg four 
times daily, for 5 days beginning the day before extraction. She remained 
asymptomatic and.afebrile until approximately 2 days before admission when 
she first noticed the onset of a sharp intermittent substernal pain that did not 
radiate. Mild nausea but no diaphoresis accompanied the pain. She had no cough, 
shortness of breath or hemoptysis. She denied any leg pain. There had been no 
fever or chills except for an oral temperature of 101?F noted on the day of ad- 
mission. She had no previous history of chest pain; rheumatic fever, heart 
murmur, diabetes, hypertension or any lipid abnormality. She did not take birth 
control pills or immunosuppressive agents. She had no exposure to toxins or 
animals and had not traveled recently. The family history revealed no cardio- 
vascular disease. 

Physical examination on admission revealed a thin woman lying in bed com- : 
plaining of mild substernal discomfort. The blood pressure was 92/50 mm Hg 





.... Fróm the Department of Cardiology and Pathology, 
_ -Catholic Medical Center, Manchester, New 
| | Hampshire. Manuscript received January 2, 1979, 


"accepted January 17, 1979. the pulse 107/min and the temperature 102? F. The skin was cool, and there was " , 
: Address for reprints: Edward A. Palank, MD, no evidence of xanthomas or petechiae. The cardiovascular examination revealed 
"Department of Cardiology, Catholic Medical no abnormal physical findings. 
Center, 100 McGregor Street, Manchester, New Laboratory data revealed a hemoglobin of 12.1 g/100 ml with a hematocrit * 
Hampshire 03102. of 35 percent. The white blood cell count was 12,500 mm? with 84 polymorphó- 
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FIGURE 1. Admission electrocardiogram. 


nuclear leukocytes. The sedimentation rate was 46 in 1 hour. 
Urinalysis was normal. Blood chemistry values were normal 
as were the arterial blood gases on room air. Serum creatine 
kinase (CK) on day 1 was 520 units and 1,420 units on day 2. 
CK MB and MM isoenzyme levels were elevated on both days 
land 2. Lactic dehydrogenose (LDH) was 374 units on day 1 
&ànd. 507 units on day 2. LDH-2 was greater than LDH-1 on 
both days 1 and 2. 

The electrocardiogram on admission (Fig. 1) revealed sinus 
tachycardia with low voltage. Hyperacute S- T segment ele- 
vations in the anterior precordial leads were consistent with 
acute anterior wall myocardial infarction. Minor S-T segment 
elevation was also noted in lead II. The chest X-ray film re- 
vealed a normal heart size and pulmonary vascular pattern. 


Hospital Course 


The patient presented with chest pain. Electrocardio- 
graphic and laboratory findings were consistent with an acute 
anterior wall myocardial infarction. A temperature of 101°F 
was present on admission, and three blood cultures were ob- 
tained. A rare episode of substernal pain occurred during the 
first few hours of admission and was relieved with nitroglyc- 
erin. Occasional premature ventricular complexes were noted 
and lidocaine infusion was instituted. An echocardiographic 
study revealed no evidence of valve disease or vegetations. No 
mitral valve prolapse or myxoma was noted. Septal and pos- 
terior wall thickness was normal, but excursion was dimin- 
ished. There was no pericardial effusion. 

Approximately 10 hours after admission the blood pressure 
decreased to 70/40 mm Hg. À Swan-Ganz catheter revealed 
a right ventricular pressure of 9/0, a pulmonary arterial 
pressure of 9/1 and a pulmonary capillary wedge mean pres- 
sure of 1 to 2 mm Hg. After therapy with fluid replacement, 
the blood pressure increased to 88/60 mm Hg but decreased 
again to 60/40 mm Hg despite increased fluid administration. 
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The pulmonary capillary wedge pressure increased to 22 m 

Hg and dopamine infusion and digitalization were then in- 
stituted. The patient remained hypotensive with an elevated. 
pulmonary capillary wedge pressure. While preparation was. 
undertaken for intraortic balloon counterpulsation, ventric-- 
ular irritability with recurrent periods of ventricular tachiy-- 
cardia developed. These episodes were unresponsive to defi- 
brillation and antiarrhythmic therapy, and the patient died. 
20 hours after admission. The following day, two of three blood. 
cultures drawn at the time of admission were positive for the 
following organisms: alpha hemolytic streptococcus group D. 
alpha hemolytic streptococcus not group D, veillonella species, 
hemophilus parainfluenza and diphtheroid bacilli. 


Postmortem Examination 


Autopsy was performed 2 hours after the patient's death. . 
The pathologic findings were limited to the heart. The heart 
weighed 220 g and showed mild dilatation of all cardiac. 
chambers. No cardiac hypertrophy was noted. The myocar 
dium was soft to slightly firm, showing multiple focal areas 
of reddish-brown to slightly yellowish discoloration in the 
myocardium of all chambers. The cardiac valves were carefully 
examined and did not reveal vegetations or evidence of en- 
docarditis. The subvalve apparatus was not abnormal. No: 
patent foramen ovale or congenital anomalies were noted. The 
coronary arteries were patent throughout their course and 
revealed nosignificant atherosclerotic lesions and no throm- 
boemboli in the lumen. No coronary dissection or aberrant = ' 
coronary artery was identified. Myocardial abscesses were not |. 
present. 

On microscopie examination, there were multiple dis- 
seminated foci of myocardial necrosis with eosinophilia and 
loss of cross striations in both the ventricular and the atrial 
myocardium. The areas of necrosis were infiltrated predom- 
inantly by lymphocytes and of lesser number of polymor- 
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FIGURE 2. Photomicrographs. Top and center, hematoxyl- 
ineosin stains showing myocardial necrosis infiltrated pre- 
dominantly by lymphocytes and a lesser number of poly- 
morphonuclear leukocytes, macrophages and occasional 
plasma cells. Bottom, Brown and Brenn stain of the myo- 
cardium showing gram positive and gram negative cocci. Top 


X200, center X400, bottom X1,000, all reduced by 58 per- ` 


cent. 


. 


phonuclear leukocytes, macrophages and occasional plasma 
cells. (Fig. 2 (top and center)). Brown and Brenn bacterial 
stain on the sections of the heart revealed the presence of gram 
positive and gram negative cocci and occasional gram negative 
- bacilli (Fig. 2, bottom). The remaining autopsy findings were 
* v essentially norinal. There was no evidence of pyogenic foci or 
of infection in other organs of the body, including the lungs, 
- liver, spleen, genitourinary tract and brain. Brown and Bremm 
stain of the lungs, liver, kidneys and brain did not demonstrate 
bacteria. 'The site of the dental extraction was well healed, and 
no evidence of abscess was seen. 








Discussion 


The clinical presentation of myocarditis is varied. Our 
patient presented with the clinical features of acute 
myocardial infarction with characteristic electrocar- 
diographic and serum isoenzyme changes, followed by 

'-.. cardiogenic shock. The possible causes considered for 
infarction were coronary embolization, an aberrant 
coronary artery or primary coronary arterial dissec- 
tion. 

The sequence of events in this patient merit com- 
ment. Despite a brief course of antibiotic therapy bac- 
teria occurred in the bloodstream with isolated in- 
volvement of the myocardium. The organisms cultured 
from the blood of this patient before death can be found 
as normal flora in the oral cavity and upper respiratory 
tract. At necropsy there was no evidence of endocarditis, 
and no bacteria were demonstrated in any of the other 
organs. It therefore appears that bacteria originating 
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in the oral cavity resulted only in isolated involvement 
of the myocardium. Because isolated bacterial myo- 
carditis is extremely rare the possibility of an immu- 
nosuppressed host was considered. However, the clinical 
findings did not indicate recurrent infections, and the 
patient was not taking immunosuppressive agents. 
Myocarditis in association with nasopharyngeal 
infection has previously been described,’ * but in the 
reported studies, histologic sections did not reveal the 
presence of bacteria. The histologic sections in our case 
revealed the presence of multiple disseminated patchy 
areas of inflammation and necrosis with demonstrable 
gram positive and gram negative organisms. These 
findings are indicative of acute bacterial myocarditis. 
We believe that these bacteria are representative of 
those bacteria cultured in the antemortem blood. It 
should be noted that the myocardium in our patient was 
the sole site of the pathologic process, and there was n 
involvement of the cardiac valves, pericardium or other 
organs of the body. 
In summary, this case demonstrates the need to 
suspect myocarditis in young persons who present with 
clinical signs of myocardial infarction. Acute bacterial - 
myocarditis as well as endocarditis should be considered 
in patients who present with fever and chest pain after —— 
a dental procedure. : 
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s - Hypertrophic Cardiomyopathy: A Discussion of Nomenclature* 


. BARRY J. MARON, MD, FACC 


.. STEPHEN E. EPSTEIN, MD, FACC 
- - Bethesda, Maryland 


«In 1958, Teare! presented the first systematic descrip- 
<> -tion of cardiac disease characterized by “asymmetrical 


"hypertrophy of the heart" and nondilated ventricular 
=- cavities. His observations were based on postmortem 
*- examination of eight patients, seven of whom had died 

suddenly. Subsequent investigations led to a dramatic 
evolution of the concepts concerning the clinical and 


n pathophysiologic spectrum of this disease which, in the 


process, has acquired no fewer than 58 names (Table I). 
: The fact that this dubious distinction has caused con- 
" :siderable confusion over the years?^? has prompted us 
=~». -to review briefly the derivation of the more widely used 
< names in the hope that a commonly acceptable standard 
‘nomenclature may eventually be adopted. As will be- 
come clear in the ensuing discussion, the name we now 
prefer for this disease is hypertrophic cardiomyopathy. 
'This term, as it is used here, refers to a primary disease 
of cardiac muscle and excludes by definition all secon- 
dary systemic diseases that cause increased cardiac 
mass. 
: The multiplicity of descriptive names given to this 
© disease reflects primarily two facts. First, several centers 


x - were involved more or less simultaneously in the pi- 
- .oneering studies that characterized the disease and 


- each, understandably, developed names for this newly 


-.. discovered clinical entity based on those aspects of the 
.... disease that were most impressive to the individual in- 
- v vestigator. Second, as additional information accumu- 

*:Jated, concepts of the disease changed, with important 


new insights often leading to new names. 
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Asymmetric septal hypertrophy: In the first 15 
years after Teare’s initial report, the majority of terms 
used to describe hypertrophic cardiomyopathy em- 
phasized left ventricular outflow obstruction, a finding 
that was thought to be highly characteristic of this 
disease. Thus, the terms idiopathic hypertrophic sub- 
aortic stenosis, *^ hypertrophic obstructive cardiomy- 
opathy® and muscular subaortic stenosis? became widely 
used. The widespread application of echocardiography 
to cardiac diagnosis in the early 1970's confirmed the 
hypertrophic nature of the disease? 9: it also (1) dem- 
onstrated that no outflow obstruction was present in a 
large proportion of patients, and (2) appeared to show 
that a hypertrophied ventricular septum measuring at 
least 1.3 times the thickness of the left ventricular free 
wall was invariable.? Furthermore, in the vast majority 
of patients, about one half of the first degree relatives 
of patients with hypertrophic cardiomyopathy also 
showed an abnormal septal-free wall thickness ratio 
with echocardiography.!!!2 These echocardiographic 
observations led (1) to the introduction of the term 

"asymmetric septal hypertrophy" and its acronym 
" ASH" to describe the disease hypertrophic cardio- 
myopathy,® and (2) to the concept that asymmetric 
septal hypertrophy was genetically transmitted as an 
autosomal dominant trait. 

However, it soon became evident that asymmetric 
septal hypertrophy was not pathognomonic of hyper- 
trophic cardiomyopathy. Specifically, our echocardio- 
graphic and necropsy studies!?-15 conducted over the 
past 3 years in more than 500 patients revealed that 
ventricular septal thickening and a septal-free wall 
thickness ratio of 1.3 or more was present in about 10 
percent of patients with a variety of congenital or ac- 
quired heart diseases. When such an abnormal septal- 
free wall ratio occurred in these patients, the septal 


thickening was usually secondary to tke patient ^w 


underlying lesion and not a manifestation of a coexistent 
primary cardiomyopathy.!3-!6 
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Because the term asymmetric septal hypertrophy had 
already been appropriated for the name of the primary 
cardiomyopathy, these findings led to yet another di- 

- lemma in nomenclature—how to refer to the type of 
iss disproportionate septal thickening that occurred sec- 
-ondary to other types of heart disease. Hence, the de- 
. seriptive term “disproportionate septal thickening,” or 
“DST,” was introduced!?-16 to describe the secondary 
form of asymmetric septal hypertrophy. Although 
the acronyms ASH and DST were thus used to de- 
scribe the same gross anatomic abnormality (a hy- 
pertrophied ventricular septum that was at least 1.3 
times the thickness of the left ventricular free wall), each 
term had a very different meaning. ASH implied the 
existence of a primary cardiomyopathy; DST implied 
a secondary form of disproportionate ventricular septal 
thickening. 
Hypertrophic cardiomyopathy without asym- 
i metric septal hypertrophy: Two other observations 
added to this confusion. First, it became evident that 
not all patients with hypertrophic cardiomyopathy had 
asymmetric septal hypertrophy.!7-1? For example, an 
occasional patient has been identified with concentric 
(symmetric) ventricular hypertrophy and nondilated 
ventricular cavities whose family members had typical 
hypertrophic cardiomyopathy with a septal-free wall 
ratio of 1.3 or more.!7 Second, in some patients with 
cardiomyopathy and concentrically hypertrophied 
nondilated hearts, genetic transmission could not he 
documented.!? Although these latter patients could 
have genetically transmitted hypertrophic cardiomy- 
opathy (but with incomplete penetrance), these findings 
raise the possibility that another form of hypertrophic 
cardiomyopathy exists that is not genetically trans- 
mitted and is not characterized by asymmetric septal 
hypertrophy. Of course, the M mode ultrasonic beam 
is discrete and provides an assessment of only a small 
portion of ventricular septum and the posterobasal 
segment of the left ventricular free wall. It is therefore 
- possible that forms of hypertrophic cardiomyopathy 
may be described in which there is asymmetric thick- 
ening of the left ventricle involving primarily the an- 
-terior or lateral segments of the left ventricular free wall 
rather than the septum. 

Hypertrophic cardiomyopathy—the preferred 
name?: Hence, the reasons for the application of nu- 
merous names to this primary cardiomyopathy, and the 
subsequent confusion as to what disease is actually 
being referred to, are readily understandable. None- 
theless, it would now seem appropriate to choose a name 
that is both acceptable to the majority of students of this 
entity and consistent with its most characteristic fea- 
tures. Because (1) an abnormal septal-free wall thick- 
ness ratio is not an invariable feature of hypertrophic 

* cardiomyopathy, and (2) disproportionate septal 
d fhickening commonly occurs as a consequence of other 

diseases, ASH appears to be a less attractive name for 
the disease entity than we originally thought. The same 
argument applies to names emphasizing obstruction to 
left ventricular outflow, because obstruction is absent 
'in'a large proportion of patients. Because the single 
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TABLE | 


Terms Used to Describe Hypertrophic Cardiomyopathy 


EDITORIALS —. 








Asymmetrical hypertrophic cardiomyopathy 
Asymmetrical hypertrophy of the heart 
Asymmetrical septal hypertrophy 

Brock's disease 

Diffuse muscular subaortic stenosis 

Diffuse subvalvular aortic stenosis 


Dynamic hypertrophic subaortic stenosis 1971. 
Dynamic muscular subaortic stenosis 1966 
Familial hypertrophic subaortic stenosis i961. 
Familiar muscular subaortic stenosis 1959 
Familiar myocardial disease 1967 
Functional aortic stenosis 1959 
Functional hypertrophic subaortic stenosis 1989 - 
Functional obstructive cardiomyopathy 1973. 
Functional obstruction of the left ventricle 1957- 
Functional obstructive subvalvular aortic stenosis 1968 
Functional subacrtic stenosis 1980 
Hereditary cardiovascular dysplasia 1981. 
Hypertrophic cardiomyopathy 1970 
Hypertrophic constrictive cardiomyopathy 1972 
Hypertrophic hyperkinetic cardiomyopathy 1985 
Hypertrophic infundibular aortic stenosis 1971 
Hypertrophic nonobstructive cardiomyopathy 1975: 
Hypertrophic obstructive cardiomyopathy i984 . 
Hypertrophic stenosing cardiomyopathy 1972 .- 
Hypertrophic subaortic stenosis i962 
idiopathic hypertrophic cardiomyopathy 1872. 
Idiopathic hypertrophic obstructive cardiomyopathy 1966 - 
idiopathic hypertrophic subaortic stenosis 1960 
Idiopathic hypertrophic subvalvular stenosis 1966. 
idiopathic muscular hypertrophic subaortic stenosis 1966 
idiopathic muscular stenosis of the left ventricle 1969 
idiopathic myocardial hypertrophy 1963 
idiopathic stenosis of the flushing chamber of the left 1964 
ventricle 
idiopathic ventricular septal hypertrophy 1962 
irregular hypertrophic cardiomyopathy 1968 - 
Left ventricular muscular stenosis 1968 
Low subvalvular aortic stenosis 1962 
Muscular aortic stenosis 1969 
Muscular hypertrophic stenosis of the left ventricle 1966 
Muscular stenosis of the left ventricle 1961 
Muscular subaortic stenosis 1966. 
Muscular subvalvular aortíc stenosis 1964 
Non-dilated cardiomyopathy 1974 
Nonobstructive hypertrophic cardiomyopathy 1975 
Obstructive cardiomyopathy 1960 
Obstructive hypertrophic aortic stenosis 1967 
Obstructive hypertrophic cardiomyopathy 1968 
Obstructive hypertrophic myocardiopathy 1968 
Obstructive myocardiopathy 1968 
Pseudoartic stenosis . 1958 
Stenosing hypertrophy of the left ventricle 1966 
Stenosis of the ejection chamber of the left ventricle 1966 
Subaortic hypertrophic stenosis 1964 
Subaortic idiopathic stenosis 1968 
Subaortic muscular stenosis 1964 
Subvalvular aortic stenosis of the muscular type 1962 
Teare's disease 1977 


i972* 
1958 
1973 
1977 
1973 
1961 




























































* Detes indicate the year that the term was first published. 





most consistent and characteristic feature is a hyper- 

trophied heart (that is, one having increased cardiac - 
mass), with a nondilated left ventricular cavity in the 
absence of a cardiac or systemic disease that itself could 
produce left ventricular hypertrophy, we believe it is- 
most reasonable to refer to this disease as h ypertrophic 
cardiomyopathy. This is a name developed and used. 
for many years by our colleagues in the United King 
dom,”°-*? and for which they deserve full credit. How- 
ever, we should also point out that even this definition 
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FIGURE 1. Spectrum of hypertrophic cardiomyopathy; “associated with 
absolute ventricular septal thickening (usually 15 or more mm in the 
adult); "ventricular septal to left ventricular free wall thickness ratio less 
than 1.3. 


has its exceptions because some patients with "end 

stage" hypertrophic cardiomyopathy may actually have 

left ventricular dilatation.?? 

= Nevertheless, we continue to find it convenient and 
useful to employ the acronym ASH to describe specifi- 

-. cally the asymmetrically thickened ventricular septum 
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present in patients with hypertrophic cardiomyopathy 
and the term disproportionate septal thickening (or 
DST) to refer to the same gross anatomic abnormality 
when present in patients with other forms of heart 
disease. However, we are aware that there is a redun- 
dancy in these two terms and that the distinction be- 
tween them may often appear ambiguous. 

Finally, we are also cognizant that hypertrophic 
cardiomyopathy may ultimately prove not to be a single 
etiologically distinct disease entity (Fig. 1). This sit- 
uation could induce a confrontation between those 
semanticists who prefer to "split" and those who prefer 
to “lump.” The former might favor applying different 
names to the condition of patients having hypertrophic 
cardiomyopathy with a septal-free wall ratio of 1.3 or 
more and to that of patients with concentric hypertro- 
phy; another term could be found to describe the find- 
ings in patients with an obvious genetic disease, and yet 
another for those in whom a genetic etiology is equivocal 
or absent. However, it has still not been established with 
certainty whether these clinical states represent etiol- 
ogically distinct diseases or different expressions of the 
same disease. Until more definitive evidence evolves 
regarding etiology and pathogenesis, we suggest that all 
forms of nondilated hypertrophic cardiomyopathies be 
termed “hypertrophic cardiomyopathy," with the un- 
derstanding that a further modification of terminology 
may be necessary later. 
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SAMUEL J. SHUBROOKS, Jr., MD, FACC 
Boston, Massachusetts 


As experience increases with “variant” angina, originally 
described by Prinzmetal et al.,! it becomes more diffi- 
cult to define this condition as a single clinical entity. 
Probably the best overall operational definition is that 
of angina associated with S-T segment elevations not 
precipitated by any increase in myocardial metabolic 
demands. However, it may occur in patients with cor- 
onary artery disease and coexistent exertional angina, 
and on occasion may be provoked by exercise or occur 
at rest.??* Furthermore, an occasional patient whose 
pattern otherwise fits that of variant angina will dem- 
onstrate during pain S-T segment depressions rather 
than elevations. The clinical course may vary from a 
prolonged, relatively stable pattern to a rapidly pro- 
gressive pattern with severe arrhythmias, myocardial 
infarction and death. Although Prinzmetal et al.,! in 
their original description, differentiated “variant” an- 
gina from “unstable” or “preinfarctional” angina by its 
more benign clinical course, many of their patients and 
those reported on later experienced myocardial in- 
farction or death in a relatively short period of time. 
Like the clinical course, the anatomic substrate of var- 
iant angina varies markedly, some patients having an- 
giographically normal coronary arteries and others 
having mild to moderate coronary arterial disease or 
severe fixed stenoses. 





Coronary Spasm in Variant Angina 


Coronary spasm has been established with angiog- 
raphy as a cause of variant angina in many patients with 
normal coronary arteries or hemodynamically insig- 
nificant coronary lesions. The role of spasm in patients 
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with significant fixed obstructions is less clear, although 
very limited experience with ergonovine provocation?*: 
suggests that episodes of severe spasm in the region 
such lesions may be involved in precipitating ischemia 
in these patients also. Another interesting although 
untested speculation is that platelet aggregates may 
play a role either primarily, possibly with subsequent 
spasm, as a result of release of platelet vasoactive sub- 
stances, or secondary to hypoxia occurring after spasm 
The occasional occurrence of angina with S-T elevations : 
during angiography without demonstrable spasm 
suggests the possibility of such an alternative mecha- 
nism. Whatever the mechanism, experimental animal 
studies* suggest that S-T elevations are caused by the 
presence of more severe transmural ischemia, and the 
severity of the pain and associated arrhythmias and 
severe perfusion defects demonstrated by thallium-201 
imaging”? during episodes of variant angina indicate - 
that this is true. However, in this issue of the Journal 
Robertson et al.,5 like Guazzi et al. in an earlier study, - 
demonstrate that monitoring of patients with variant | 
angina may show S-T elevations in the absence of 
symptoms; the significance of these painless changes is 
uncertain, although they may represent ischemic peri- 
ods of insufficient duration to result in pain. Further 
confusion in definition arises from the observation that 
severe spasm may be accompanied only by S-T de- 
pressions or by a pseudonormalization of 'T wave in- 
versions,”# 














The Autonomic Nervous System and 
Coronary Spasm 


When coronary spasm occurs, the autonomic nervous ^. 
system appears to be involved in some way. Episodes 
of variant angina have been provoked in susceptible 
patients with administration of epinephrine alone or in 
combination with beta blockade with propranolol and 
with parasympathomimetic stimulation using metha- 
choline.7-? However, we do not know how autonomic 
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. nervous system activity causes coronary spasm. Alter- 
. native explanations are (1) an increase in circulating 
catecholamines, (2) an increase in activation of the 

: sympathetic innervation of the coronary arteries, and 

(8) changes in the coronary vessel walls themselves. 

— States such as physical exertion and emotional stress 
that result in an outpouring of catecholamines rarely 
result in episodes of variant angina. Robertson et al. 
present evidence that their patients with variant angina 

“odid not have a generalized increase in sympathetic 

- outflow. Biochemical measurements of sympathetic 

activity (circulating norepinephrine, epinephrine, do- 
< pamine, urinary catecholamines, metanephrine, nor- 
- metanephrine, vanillylmandelic acid, urinary-hydroxy- 

- indole acetic acid, plasma renin activity, thyroxin and 
.-.2,3-diphosphoglycerate) were all found to be within 

-- normal limits between and, in a few instances, during 
- episodes of variant angina. In addition, tests of sym- 

. pathetic functional integrity were normal, leading to the 

- hypothesis that the vessel wall is primarily responsible 
- for spasm independent of central sympathetic outflow. 
= However, the tests used (venous reflex, exercise testing, 

cold pressor test, handgrip, orthostasis and the Valsalva 

- maneuver) may not necessarily reflect specific changes 

. in cardiac innervation. 


Alterations in Alpha Adrenergic System and 
Coronary Spasm 


— . Also in this issue of the Journal, Ricci et al.!? propose 
- -that the ability of phentolamine and phenoxybenzamine 
-. to abolish spasm is evidence that a pathologic alteration 
-in the alpha adrenergic system is responsible for the 
..spasm. On the basis of limited studies of innervated and 
denervated hearts, they believe that this action is sec- 
- ondary to stimulation of the alpha adrenergic coronary 
- innervation. However, other studies on the peripheral 
circulation suggest that the predominant effect of 
_ phentolamine is direct vasodilatation,!? and thus the 
primary abnormality could still represent an intrinsic 
_ hyperreactivity of the vessel wall. The ability of ergo- 
novine to provoke spasm in patients with variant angina 
also is not helpful in elucidating the mechanism in- 
volved, because the relative effects of this drug on the 
-, vessel wall directly and on sympathetic innervation are 
not known. Furthermore, although the alpha adrenergic 
- system is probably involved in the development of 
_ spasm, the abolition of spasm by alpha blocking drugs 
= does not necessarily indicate that excessive alpha 
` stimulation is the primary cause of spasm occurring 
spontaneously. 
'The cyclic nature of clinical episodes of variant angina 


-. is well known. Even the ability to induce spasm by 


sympathetic nervous system stimulation in patients 
_ with variant angina is inconstant, and induction of 
. spasm by epinephrine and propranolol may be possible 

- only when spontaneous episodes of pain are occurring.’ 


— This view is in agreement with the concept that some 


cyclic variation in sympathetic tone underlies the ability 
of a given stimulus to induce spasm. 

Ricci et al.!° present the interesting hypothesis that 
patients with variant angina have a state of adrenergic 





- 


imbalance, possibly at the hypothalamic level, resulting 
in asymmetric stellate ganglion activation at rest that, 
Guring bursts of sympathomimetic activity, results in 
excessive unilateral stellate ganglion discharge along 
cardiac nerves and selective coronary arterial spasm. 
This viewpoint is supported primarily by the appear- 
ance of T wave abnormalities during pain-free intervals 
in patients with variant angina that were normalized 
with isoproterenol in one patient and with phenoxy- 
benzamine in four patients, as well as by the observation 
of Q-T interval prolongation immediately before epi- 
sodes of coronary spasm. The T wave changes and their 
pharmacologic responses were analogous to those seen 
after unilateral stellate stimulation in animal models.!? 
However, many patients with variant angina, particu- 
larly those with normal coronary arteries, do not have 
T wave abnormalities at rest. The Q-T interval pro- 
longation also is similar to that seen with right stellate 
ganglionectomy or left stellate stimulation in animals.!? 
Although this change could be considered a manifes- 
tation of ischemia, this possibility appears unlikely 
because the change was seen before any S-T segment 
shift. Q-T interval prolongation was not observed by 
Curry et al.,3 indicating that this mechanism also does 
not universally apply. Direct measurement of cardiac 
nerve activity during spasm, although difficult to obtain, 
would be important in determining the origin of the 
spasm. 


Ergonovine and Coronary Spasm 


The use of ergonovine to provoke spasm has provided 
much useful information. À positive ergonovine test 
(severe coronary spasm demonstrated angiographically 
in association with chest pain and S-TT elevation) ap- 
pears to be quite specific for variant angina, being ab- 
sent in patients with normal coronary arteries and 
symptoms not typical for angina. Rarely, however, a 
patient with significant coronary artery disease and 
classic angina without S-T segment shifts may also have 
a positive test.? This test also appears to be highly 
sensitive for variant angina although in a few reported 
cases with typical findings the spasm could not be pro- 
voked.145 The limited evidence now available suggests 
that the spasm occurring after ergonovine resembles 
that occurring spontaneously,?!5!6 although the se- 
verity of the spasm and its localization and extent along 
the vessel involved may vary with time in either spon- 
taneous or induced spasm, and more experience is re- 
quired before definite conclusions can be made. 


Treatment of Variant Angina 


The therapeutic decision in patients with variant 
angina is a difficult one. It is generally agreed that 
medical treatment, primarily with nitroglycerin and 
long-acting nitrates, is the initial therapy of choice, al- 


though such treatment may not be effective. The ben-. ` 
eficial effect of phenoxybenzamine in a previously de- » 


scribed patient? and in the few patients reported on by 
Ricci et al.!¢ is impressive and warrants further inves- 
tigation. Responses have also been reported to treat-' 
ment with nylidrin and other peripheral vasodilators,’ * 
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reserpine, atropine,’ propranolol!^and, more recently, 
with verapamil!? and nifedipine,!? both coronary va- 
- sodilators and blockers of cell uptake of calcium. 

- Although it was initially believed that patients with 
variant angina fared poorly with coronary arterial sur- 


C gery, there is now sufficient evidence that those who 


have significant fixed coronary lesions can respond well 
to saphenous vein coronary bypass surgery.???! The 
decision is more difficult in patients without significant 
coronary lesions. Many will respond to medical treat- 
ment or their condition will improve spontaneously with 
time; others will continue to experience severe ischemic 
episodes unresporisive to treatment. Although attempts 
at coronary bypass surgery in these patients have been 
unsuccessful in a few reported cases,?? possibly because 
of the recurrence of diffuse and variable areas of spasm, 
a few surgical successes in this situation have now been 
reported.?*?^ However, this remains a very uncertain 
means of treatment. 





EDITORIALS 


Attempts have been made to differentiate patients | 
with variant angina who do or do not have significant _ 
fixed coronary obstructions on the basis of clinical. 
presentation.” Although these classifications may be 
generally helpful, the overlap is too great and the ex- 
ceptions too frequent for them to be useful in treating 
the individual patient. Because of the serious prognosis 
in patients presenting with angina at rest with S-T el- 
evations and because of their different responses to 
treatment, it is important to differentiate between 
subgroups with normal and abnormal coronary arteries. 
It is therefore advisable to use coronary angiography - 
early in the course of these patients. Therapeutic deci- 
sions can then be based on an angiographic as well as - 
clinical classification. On the basis of present knowledge, 
it seems unlikely that all *variant angina" can be con- 
sidered a single entity, and much remains to be learned 
about its various subgroups and their different patho- 
physiology and response to therapy. E 
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_ What does this hard driving 
| magazine editor 
have in common 





‘ with this 

t chronically 
fatigued 

grandmother? 


Potassium 
depletion. 


The editor's hypertension is treated with diuretics, 
and all effective diuretics cause kaliuresis.'-5 Even 
potassium-sparing diuretics, at least when com- 
bined with thiazides, may not protect the patient 
from potassium losses.'? Unless she eats the foods it 
takes to replace the losses,’ her deficit can only 
grow. Those foods contain an extra 700 or 800 
calories. 

The grandmothers malaise and muscle weakness 
can be early signs of potassium deficit; which can 
accrue from inadequate diet} particularly one high 
in carbohydrates;! purgative habits;'°°° or cortico- 
steroid therapy. * * 


Effective potassium 
supplementation 
is required. 


Both the editor and grandmother have a 
need for potassium. Yet safe and effective 
supplementation must be tailored to their 
individual life-styles. Patient compli- 

ance to potassium therapy can help 

assure a high rate of efficacy, and í 
compliance is enhanced by dosage | 
simplicity, convenience and taste. 

The woman with great demands on 

her time can appreciate the 

convenience of once-a-day dosage 

for her potassium needs ... dosage | 
that fits in with her other medication 
schedules. The grandmother needs 

an easy-to-take, good-tasting 

dosage form with GI safety. 
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ru tassium supplements meet 
; Erlea patient needs better than... 


K-LYTE 


Each effervescent tablet in solution supplies 
25 mEq potassium as bicarbonate and citrate 
Orange and Lime Flavors 


The best of taste for over a decade 
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4 Each effervescent tablet in solution supplies 
' @ 50 mEq potassium as bicarbonate and citrate 


Orange and Lime Flavors 


Convenient once-a-day dosage 


K-LY TE/CL 


Each effervescent tablet in solution supplies 
25 mEq potassium chloride 


Citrus and Fruit-Punch Flavors 


The easy, tasteful, effervescent way 
when the chloride ion is preferred 


The K-LYTE line...safe and 
effective potassium 
supplementation meeting 
a variety of patient needs 


* Safety of a liquid all the way through the GI tract — no 
reports of GI ulceration in over a decade of use with 
K-LYTE* 

Clinical evidence of efficacy — rapid absorption for 
prompt therapeutic serum levels 

Dosage simplicity and accuracy — convenient efferves- 
cent tablet forms; no mixing or spilling. Easily fits into 
the patient's life-style and other medication schedules 
Great taste and a choice of flavors —an aid to patient 
compliance along with a one- or two-tablet-a-day 
dosage regimen 
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KLYTE 


Each effervescent tablet in solution supplies 
25 mEq potassium as bicarbonate and citrate 


KiYTE DO 


Each effervescent tablet in solution supplies 
50 mEq potassium as bicarbonate and citrate 
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KLYTE/CL 


Each effervescent tablet in solution supplies 
25 mEq potassium chloride 
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Prescribing Considerations 

Indications: K-LYTE DS, K-LYTE and K-LYTE/CL are oral potassium supplements 
for therapy or prophylaxis of potassium deficiency. They are particularly useful when 
thiazide diuretics, corticosteroids, or severe vomiting and diarrhea cause excessive 
excretory potassium losses; and when dietary potassium is low. Carefully monitored, 
K-LYTE DS. K-LYTE and K-LYTE/CL may also be useful for potassium replacement 
where digitalis intoxication results in cardiac arrhythmias. 

Contraindications: Impaired renal function with oliguria or azotemia; Addison's dis- 
ease; hyperkalemia from any cause. 

Warnings and Precautions: Since the amount of potassium deficiency may be difficult 
to determine accurately, supplements should be administered with caution, and dos- 
ages adjusted to the requirements of the individual patient. Potassium intoxication 
rarely occurs in patients with normal kidney function. Symptoms of potassium intoxi- 
cation are variable. They include listlessness, mental confusion, and tingling of the 
extremities. Frequent checks of the clinical status of the patient, ECG, and serum 
potassium level are desirable. In established hypokalemia, attention should also be 
directed toward other potential electrolyte disturbances. Potassium supplements 
should be given cautiously to digitalized patients and such patients should be moni- 
tored by ECG for cardiac irregularities. To minimize the possibility of gastrointestinal 
irritation associated with the oral ingestion of concentrated potassium salt prepara- 
tions, patients should be carefully directed to dissolve each dose completely in the 
stated amount of water. 

Adverse Reactions: Nausea, vomiting, diarrhea, and abdominal discomfort may oc- 
cur with the use of potassium salts. 


S f d ff ti Dosage and Administration: Adults: 1 K-LYTE DS tablet (50 mEq potassium) com- 
a e an e ec ive pletely dissolved in 6 to 8 ounces of cold or ice water, 1 to 2 times daily; 1 K-LYTE 


potassium 


tablet (25 mEq potassium) completely dissolved in 3 to 4 ounces of cold or ice water, 
2 to 4 times daily; 1 K-LYTE/CL tablet (25 mEq potassium chloride) completely dis- 
solved in 3 to 4 ounces of cold or ice water, 2 to 4 times daily. NOTE: It is suggested 
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supplementation hat igi ea oe K-LYTE/CL be taken with meals and sipped slowly 


How Supplied: K-LYTE DS effervescent tablets (orange or lime flavors) are available 


. 
meeting a variety in cartons of 30. K-LYTE effervescent tablets (orange or lime flavors) are available in 
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cartons of 30 and 250. K-LYTE/CL effervescent tablets (fruit punch and citrus) are 
available in cartons of 30 and 250. All tablets are individually foil wrapped. 
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InterLith-RP The versatile response to changing 


‘rate requirements. 


InterLith-RP provides the versatility you need to 
respond to your patients’ heart pacing requirements, 
both now and as they may change over time. Using the 
InterLith-RP's uncomplicated Programming Wand and 
Programmer, you can alterthe stimulation rate of the 
pacemaker to 51, 55, 60, 65, 72, 80, 90, 103 or 120 pulses per 
minute. 

This programming flexibility, coupled with the 
superior reliability of CMOS circuitry and the longevity of 
a proven lithium-iodine power source, enables you to 
respond to your patients’ changing rate needs. Under 
Intermedics' superior Patient Lifetime Replacement 

greement, any InterLith-RP that fails during the 
patient's lifetime will be replaced at no charge with 
afiother InterLith-RP or comparable state-of-the-art 
Intérmedics pulse generator. 

TheInterLith-RP combines versatility with Intermedics 
pacematker reliability to give you control and 
confidence in your heart pacing decisions. 

Versatility isjust one important reason to put your 

,confidence inInterLith-RP 


InterLith® is a registered trademark of Intermedics, Inc., Freeport, TX. 
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Our business is life. 


For specific ventricular arrhythmias” 


(disopyramide phosphate) 





*Indicated for premature ventricular 
contractions (PVCs) ... unifocal, multifocal 
or paired PVCs...episodes of ventricular 
tachycardia. 


Copyright © 1979, Searle Pharmaceuticals Inc 


Particularly well suited to initial therapy 


Demonstrated efficacy 


Intensive clinical studies conducted prior to the 
release of Norpace (disopyramide phosphate) 
established its efficacy as an antiarrhythmic agent. 
And in the short time since its introduction, the 
drug has been employed in thousands of patients— 
most frequently initiated in the hospital, where the 
most challenging, critically ill patients are found. 
Norpace is now regularly prescribed by increasing 
numbers of cardiologists who have given it a 
rapidly expanding base in both hospital and 
outpatient use. 

The efficacy of Norpace, proven in the clinical 
trials and confirmed in the more difficult hospital- 
ized patients, qualifies it for initial therapy in newly 
diagnosed cases of ventricular arrhythmia. Such 
effectiveness was documented during a double- 
blind, multicenter clinical study involving five 
investigators.* 





More favorable side-effects profile 


When compared with quinidine sulfate, Norpace 
is notable for its lower incidence of severe side 
effects. These are mainly anticholinergic in nature, 
are usually mild and generally transient. If urinary 
hesitancy or other genitourinary side effects occur, 
they are often dose related and frequently may be 
managed by downward titration of the dose of 
Norpace. Urinary retention, however, may occa- 
sionally occur, particularly in the older patient. 
Males with benign prostatic hypertrophy are at 
particular risk. 

The lupus-like syndrome often associated with 
procainamide therapy has not been seen with 
Norpace, even after several years of continuous 
Norpace therapy. 


Lower dropout rate than quinidine 


Efficacy of Norpace, coupled with its low inci- 
dence of severe side effects, can mean signifi- 
cantly fewer dropouts among your dysrhythmic 
patients. In a clinical study involving 62 patients in 
each treatment group, only 8.1% of patients dis- 
continued Norpace therapy, as compared with 
35.5% who discontinued quinidine. 


High level of compliance 


Even the best medication may not be taken as 
prescribed if it causes problems for the patient. 
With Norpace you are prescribing not only an 
effective medication, but you are prescribing one 
you can be reasonably confident the patient will 
take in accordance with your instructions. 


Important considerations 
when prescribing 
Nor pace (disopyramide phosphate) 


Patients with compromised cardiac function due 
to any cause may experience either hypotension 
or a worsening of cardiac decompensation when 
taking drugs with negative inotropic effects, and 
the physician should be aware of this possibility 
with Norpace. Since Norpace is primarily excreted 
by the kidney, patients with renal impairment will 
require a reduced dosage due to prolongation 
of the effective half-life. 

The dosage of Norpace should be individualized 
for each patient, and the Complete Prescribing 
Information consulted before prescribing. Special 
attention to the sections on Clinical Pharmacology, 
Warnings, and Precautions will be helpful in de- 
termining the proper dosage, particularly for the 
more complex patient. 


Conclusion: Norpace represents a logical choice 
for both initial and maintenance therapy either 
in hospitalized patients or in outpatients. 


Searle Laboratories 
SEARLE Division of Searle Pharmaceuticals Inc. 
Box 5110, Chicago, IL 60680 


*Data on file, Searle Pharmaceuticals Inc. - 
Please see the next page for a brief summary of prescribing information. 
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NOPPace 
(disopyramide phosphate) 
Right from the start 


Before prescribing Norpace (disopyramide phosphate), please consult 
current complete prescribing information, a summary of which follows: 


Indications: Norpace is indicated fcr suppression and prevention of 
recurrence of the following cardiac arrhythmias when they occur singly 
or in combination: unifocal premature (ectopic) ventricular 
contractions; premature (ectopic) ventricular contractions of multifocal 
origin; paired premature ventricular contractions (couplets); and 
episodes of ventricular tachycardia (persistent ventricular tachycardia 
is ordinarily treated with D.C. cardioversion). 

Norpace is equally effective in treating the above arrhythmias in both 
digitalized and nondigitalized patients. It is also equally effective in 
treating primary cardiac arrhythmias and those which occur in 
association with organic heart disease including coronary artery 
disease. Oral Norpace has not been adequately studied in patients with 
acute myocardial infarction or in patients with persistent ventricular 
tachycardia cr atrial arrhythmias and is not indicated for arrhythmias 
due to digitalis intoxication. The value of antiarrhythmic drugs in 
preventing sudden death in patients with serious ventricular ectopic 
activity has not been established. 


Contraindications: Cardiogenic shock, preexisting second- or third- 
degree AV block (if no pacemaker is present), or known hypersensitivity 
to the drug. 


Warnings: Severe hypotension has been observed primarily in 
patients with primary cardiomyopathy or inadequately compensated 
congestive heart failure. If hypotension develops Norpace should be 
discontinued promptly unless hypotension is due to the arrhythmia. 

Norpace should not be used in the presence of poorly compensated 
or uncompensated congestive heart failure unless it is exacerbated by 
or caused by an arrhythmia and proper treatment including optimal 
digitalization has been accomplished. In patients with marginally 
compensated heart failure or with a history of heart failure, Norpace 
may worsen cardiac decompensation. In these patients, progressing 
congestive heart failure should generally be treated with cardiac 
glycosides and diuretics and the course of treatment closely followed. 
Norpace dosage should be reduced or discontinued if adequate 
control of congestive failure is not attained. Patients receiving 
concomitant therapy with more than one antiarrhythmic drug must be 
carefully monitored for serious negative inotropic effects or excessively 
prolonged conduction, evidenced by widening of the QRS complex 
and/or prolongation of the Q-T interval. 

If first-degree heart block develops, the dosage of Norpace should 
be reduced. If the block persists, continuation of Norpace must depend 
upon an assessment of the benefit versus the risk. Development of 
second- or third-degree AV block or uni-, bi- or trifascicular block 
requires discontinuation of Norpace, unless the ventricular rate is 
adequately controlled by a pacemaker. 

Because of its anticholinergic properties, Norpace should not be 
used in patients with glaucoma, myasthenia gravis or urinary retention, 
unless adequate overriding measures are taken. 


Precautions: I: significant widening (greater than 25%) of the QRS 
complex occurs, Norpace should be discontinued. If Q-T prolongation 
greater than 2596 occurs and if ectopy continues, monitor closely and 
consider discontinuing Norpace. 

Patients with atrial flutter or fibrillaton should be digitalized prior to 
Norpace administration to ensure that drug-induced enhancement of 
AV conduction does not allow a ventricular rate beyond physiologically 
acceptable limits. 

The effect of Norpace is presently uncertain in patients with sick 
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sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch 
block. 

Paiients with myocarditis or other cardiomyopathy may develop 
significant hypotension in response to the usual dosage of Norpace. 

Norpace should be administered cautiously to patients who are 
receiving or who have recently received other antiarrhythmic drugs. 
Excessive widening of the QRS complex and/or prolongation of the Q-T 
interval may occur in such instances. 

Norpace dosage should be reduced in patients with impaired renal or 
hepatic function and the electrocardiogram carefully monitored for 
signs of overdosage. 

Antiarrhythmic drugs may be ineffective in patients with hypokalemia. 
Therefore, any potassium deficit should be corrected before instituting 
Norpace therapy. 

Use in Pregnancy and Lactation: Safe use in pregnancy has not been 
established. Norpace has beer reported to stimulate contractions of the 
pregnant uterus. The use of Norpace in pregnant women requires that 
the potential benefit be weighed against possible hazards to the fetus. 

It is not known whether disopyramide is excreted in human milk. 
However, studies in rats have shown that the concentration of 
disopyramide and its metabolites is up to three times greater in milk 
than in plasma. If use of the drug is deemed esseniial, an alternate 
method of infant feeding should be instituted. 

Labor and Delivery: The effects of Norpace on the fetus during delivery 
or on the course of labor and delivery are unknown 

Pediatrics: The safety and effectiveness of Norpace in children have 
not been established. 


Adverse Reactions: Anticholinergic: dry mouth, urinary hesitancy, 
constipation, blurred vision, dry nose/eyes/throat, urinary retention. 
Genitourinary: urinary frequency and urgency. Gastrointestinal: nausea, 
pain/bloating/gas, anorexia, diarrhea, vomiting. General: nervousness, 
dizziness, general fatigue/muscle weakness, headache, malaise. 
Cardiovascular: hypotension, congestive heart failure, cardiac 
conduction disturbances, edema/weight gain, shortness of breath, 
syncope, chest pain. Dermatoiogic: generalized rash/dermatoses. The 
following have occurred, but a causal relationship is uncertain: 
impotence, depression, insomnia, dysuria, and hypoglycemia (usually in 
patients with impaired liver function). Acute psychosis, cholestatic 
jaundice, and agranulocytosis, ell three reversible, have been reported 


Dosage and Administration: Dosage must de individualized for each 
patient on the basis of response and tolerance. The usual adult dosage 
is 400 to 800 mg per day given in divided doses four times daily. The 
recommended dosage schedule for most adults is 150 mg every six 
hours. For patients weighing less than 110 pounds (50 kg) the 
recommended dosage is 100 mg every six hours. 

If rapid control of arrhythmia ‘s essential, an initial loading dose of 
300 mg of Norpace (200 mg for patients weighing less than 110 
pounds) is recommended For patients with cardiomyopathy or possible 
cardiac decompensation, a loading dose should not be given and the 
initial dose limited to 100 mg every six hours, with subsequent dosage 
adjustments made gradually under close monitoring. 

See current complete prescribing information for dosage 
recommendations. 


How Supplied: Capsules containing 100 mg or 150 mg of disopyramide ` 
base. Available in bottles of 100 and 500 capsules. ge 


Searle Laboratories 
SEARLE | Division of Searle Pharmaceuticals Inc. 
Box 5110, Chicago, IL 60680 g9N# 


20 days to shape his world 


In essential hypertension, the first 20 days are 
decisive. 

The sad fact is, half of America’s hyper- 
tensives drop out of treatment.! 


You can improve those odds. Here's how: 


1. COUNSEL: Talk to your patient about the 
disease and its consequences—about 
Strokes, heart attacks, and kidney failure. Tell 
him he must take medication daily, and for the 
rest of his life. 


2. CATAPRES* (clonidine hydrochloride): 
because it works, and people stay with it.2 


Counsel...and Catapres. They can help 
change the odds against your patient's future. 


Please see brief summary of prescribing 
information on last page of this advertisement 
for warnings, precautions, and adverse 
reactions. 








If you’ ve come to expect 
only this much of Catapres... 
1. smooth lowering of blood pressure 


2. effective for all degrees of hypertension (mild to 
moderate in potency) 


3. brain, heart, and kidney blood flow preserved 


Ask for more of Catapres 


no contraindications 
normal hemodynamics 


T 

2. 

3. low incidence of depression and orthostatic 
hypotension 

4. no fatal hepatotoxicity 


5. excellent record of compliance 


Most common side effects are dry mouth, drowsi- 
ness and sedation, which generally tend to diminish 
with time. 


Please see brief summary of prescribing information on 
last page of this advertisement for warnings, precautions, 
and adverse reactions. 








Catal IFES clonidine HCI) 


can help you 
shape his world 


Counsel...and Catapres. They can help change 
the odds against your patient's future. And to 
change them even more, ask us for these from 
your Boehringer representative: 


— A major new film “Compliance: State of the Art” 
— A compliance monograph 

.— Patient Aid Booklet 

— Patient Worksheets 

— Patient Reminder Postcards 

— Other effective compliance enhancers 


References: 
1. Wilber JA, Barrow JS: Am J Med, 52:653-663, 1972. 
2. Data on file at Boehringer Ingelheim Ltd. 


Boehringer 
Ingelheim 
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Catapres* 
(clonidine hydrochloride) 
Tablet& of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the treatment of 
hypertension. As an antihypertensive drug. Catapres 
(clonicine hydrochloride) is mild to moderate in potency. 
It may be employed in a general treatment program 
with a diuretic and/or other antihypertensive agents 

as needed for proper patient response. 


Warnings: Tolerance may develop in some patients 
necessitating a reevaluation of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in 
animals, and since information on possible adverse 
effects in pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended in women 
who are or may become pregnant unless the potential 
benefits outweigh the potential risk to mother and fetus 
Usage in Children: No clinical experience is available 
with the use of Catapres (clonidine hydrochloride) in 
children 


Precautions: When discontinuing Catapres (clonidine 
hydrochloride), reduce the dose gradually over 2 to 
4 days to avoid a possible rapid rise in blood pressure 
and associated subjective symptoms such as nervous- 
ness, agitation, and headache. Patients should be 
instructed not to discontinue therapy without consulting 
their physician. Rare instances of hypertensive encepha- 
lopathy and death have been recorded after cessation 
of clonidine hydrochloride therapy. A causal relation- 
ship has not been established in these cases. It has 
been demonstrated that an excessive rise in blooc pres- 
sure. should it occur. can be reversed by resumption 
of clonidine nydrochloride therapy or by intrave- 
nous phentolamine. Patients who engage in poten- 
tially hazardous activities, such as operating machinery 
or driving. should be advised of the sedative effect 
This drug may enhance the CNS-depressive effects of 
alcohol, barbiturates and other sedatives. Like any other 
agent lowering blood pressure, clonidine hydrochloride 
should be used with caution in patients with severe 
coronary insufficiency. recent myocardial infarction 
cerebrovascular disease or chronic renal failure 

As an integral part of their overall long-term care 
patients treated with Catapres (clonidine hydrochloride) 
should receive periodic eye examinations. While. 
except for some dryness of the eyes, no drug-related 
abnormal ophthalmologic findings have been recorded 
with Catapres (clonidine hydrochloride). in several 
Studies the drug produced a dose-dependent increase 
in the incidence and severity of spontaneously occur- 
ring retinal degeneration in albino rats treated for 
6 months or longer 


Adverse Reactions: The most common reactions are 
dry mouth. drowsiness and sedation. Constipation. 
dizziness. headache. and fatigue have been reported 
Generally these effects tend to diminish with continued 
therapy. The following reactions have been associated 
with the drug. some of them rarely. (In some instances 
an exact causal relationship has not been established.) 
These include: Anorexia. malaise. nausea. vomiting, 
parotid pain. mild transient abnormalities in liver func- 
tion tests; one report of possible drug-induced hepa- 
titis without icterus and hyperbilirubinemia in a patient 
receiving clonidine nydrochloride. chlorthalidone and 
papaverine hydrochloride. Weight gain. transient eleva- 
tion of blood glucose. or serum creatine phosphokinase 
congestive heart failure. Raynaud's phenomenon; vivid 
dreams or nightmares, insomnia. other behavioral 
changes. nervousness. restlessness, anxiety and mental 
depression. Also rash, angioneurotic edema. hives 
urticaria, thinning of the hair. pruritus not associated 
with a rash. impotence. urinary retention. increased 
sensitivity to alcohol. dryness. itching or burning of the 
eyes, dryness of the nasal mucosa. pallor. gyneco- 
mastia, weakly positive Coombs’ test. asymptomatic 
electrocardiographic abnormalities manifested as 
Wenckebach period or ventricular trigeminy. 


Overdosage: Profound hypotension. weakness. somno- 
lence. diminished or absent reflexes and vomiting fol- 
lowed the accidental ingestion of Catapres (clonidine 
hydrochloride) by several children from 19 months to 

5 years of age. Gastric lavage and administration of an 
analeptic and vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous doses of 

10 mg at 30-minute intervals usually abolishes all ef- 
fects of Catapres (clonidine hydrochloride) overdosage 


How Supplied: Catapres. brand of clonidine hydro- 
chloride. is available as 0.1 mg (tan) and 0.2 mg 
(orange) oval. singie-scored tablets in bottles of 100 
and 1000 

For complete details. please see full prescribing 
information 

Under license from Boehringer Ingelheim GmbH 


Boehringer Ingelheim Ltc d 
Ridgefield. CT 06877 
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AMERICAN COLLEGE on CARDIOLOGY NEWS 


How to Cope With the New Technology? 
The Knowledge and the Prudence 





Borys Surawicz, MD, FACC 


Not long ago, Dr. J. W. Hurst included 
in his textbook the scheme of Dr. W. 
Proctor Harvey in which the methods of 
diagnosing heart disease were likened to 
the five fingers of the hand." In this di- 
agram, the thumb represented the pa- 
tient's history, the index finger the physi- 
cal examination, the middle finger the 
electrocardiogram, the ring finger the 
chest X-ray film and the little finger all 
"other diagnostic techniques." The 
clenched fist symbolized the diagnostic 
power of the information synthesized from 
these joint fingers. At that time, the cat- 
egory of “other diagnostic techniques” 
represented mainly the graphic records 
of various physical signs and the invasive 
procedures of cardiac catheterization and 
angiography. But soon afterwards the 
" emergence of echocardiography upset 
the balance in the hierarchy of the digits. 
The addition of the echocardiogram to the 
little finger carrying “other diagnostic 
techniques" would most certainly have 


o) 


resulted in the hyperplasia of this finger 
and a rather unsightly deformity of the 
diagnostic fist. As a matter of fact, the 
echocardiogram could justly compete for 
diagnostic usefulness with the chest X-ray 
film or the electrocardiogram and seek for 
itself the status of an independent finger. 
| suspect that the prospect of polydactyly 
replacing the fist as a model of the coor- 
dinated approach compelled Dr. Hurst to 
omit the ''five finger" diagram from the 
subsequent edition of the ‘‘Heart.’’2 


Echocardiography 


Echocardiography is still continuing to 
grow in importance as an extremely 
useful and versatile tool in research, 
teaching and the clinical practice of pe- 
diatric and adult cardiology. The wholesale 
acceptance of this technique by cardiol- 
ogists shows that the benefits of accurate 
noninvasive technology will be accepted, 
notwithstanding the psychologic difficul- 
ties in adjusting our vision to the rest- 
lessness of the curling and twisting zig- 
zags formed by the interfaces of the re- 
flected sound waves, the inconvenience 
of the long time required to train a com- 
petent sonographic technician and the 
relatively high cost of the new equipment. 
Today, a cardiovascular trainee is likely 
to be more familiar with the echocardio- 
graphic images of mitral stenosis, pro- 
lapsing mitral valve leaflets, pericardial 
effusion, myxoma, fibrocalcific aortic 
valve, and many other morphologic and 
functional abnormalities than with the 
electrocardiographic and the radiographic 
patterns of chamber enlargement. 

While echocardiography continues to 
assert itself in more community hospitals 
and private offices, and the training pro- 
grams attempt to satisfy the increasing 
demand for the skilled sonocardiographic 
technicians, medical technology has not 
ceased offering us new and more ad- 
vanced diagnostic tools. We are con- 
stantly being asked to test something new 
even before we have adequately explored 
the previous novelty, and it is difficult to 
blame us for our occasional frustrated 
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outcry to the designers and the manu- 
facturers, “And what now?" 

Predictably, technology is developing 
methods for viewing the diagnostic im- 
ages in more than one dimension, and we 
have begun appreciating the advantages 
of a two dimensional motion image over 
the flat view in one plane. We are not 
surprised to see that two dimensional 
echocardiography has already made a 
very successful debut in the clinical arena, 
even though different institutions have 
different models of this very expensive 
equipment. It must be obvious that the 
number of possible two dimensional im- 
ages from a given heart is potentially 
limitless, because there is no end to the 
number of plane combinations that we 
can choose for the synchronized pre- 
sentations. At the recent 28th Scientific 
Sessions of the American College of 
Cardiology in Miami Beach, Florida, two 
dimensional echocardiography was the 
principal diagnostic method in about 20 
presented papers.? While it is still pre- 
mature to make predictions about the fu- 
ture role of two dimensional echocardi- 
ography in cardiac diagnosis, this tech- 
nique is likely to fare better than the nearly 
defunct three dimensional movies in our 
theaters. 


Nuclear Imaging 


Even the most intensive watchers of 
the developments in echocardiographic 
technology cannot ignore the enormous 
strides made by nuclear cardiology in the 
past few years. At the recent ACC pro- 
gram in Miami Beach, | found 33 abstracts 
in which cardiac nuclear imaging was 
used in a total of 872 patients.? It is safe 
to assume that many thousands of pa- 
tients in various institutions are being 
studied in such a manner, yet informal 
inquiries among individual physicians and 
groups of practicing cardiologists have 
convinced me that the role of nuclear 
techniques is not generally well under- 
stood. This applies not only to the meth- 
odology but to the diagnostic accuracy, 
and even to the purposes of these pro- 
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cedures. Nuclear cardiology still has a 
reputation of being an investigator's pet, 
and we are not sure how to connect the 
“newest finger to the mass of the modern 
.. fist. In other words, many of us still clamor 
for a better understanding of why and 
when we need to look at the nuclear im- 
. ages. In those 33 abstracts of the ACC 
- Scientific Sessions, | have identified the 
following six main purposes of the clinical 
nuclear studies in addition to the “hot 
spot" technetium pyrophosphate scan for 
the diagnosis of acute infarction: 

1. Assessment of global and regional 
myocardial perfusion at rest and after 
exercisa. In this category, most investi- 
gators have used thallium-20 1, but myo- 
~- cardial perfusion has also been studied 
: with radioactive xenon, krypton, labeled 


-ammonia and other positron emission. it 


seems to me that although thallium-201 
is in the forefront, the technological race 
ds not over. 

* -2. Assessment of left ventricular sys- 
tolic function, including ejection fraction 
at rest and after exercise. For this, some 
investigators have used multiple gated 
blood pool scintigrams employing tech- 
—ofietium-89 labeled red blood cells or 
¿serum albumen. Others have reported 
equally good or even more accurate re- 


.— sults using first pass nuclear angiograms. 


ft seems that the differences in method- 

-ology are determined by the availability of 

the equipment and the experience of the 
investigator. 

3. Assessment of left ventricular re- 
gional wall motion at rest and after exer- 
cise. This also has been studied by means 

-of multigated blood pool scintigrams and 
first pass nuclear angiograms. Again, it 
appears that the type of test in a given 
institution is determined by the available 
equipment and the experience of the in- 
vestigator. 

4. Assessment of right ventricular 
ejection fraction and right ventricular re- 
gional wall motion. 

5. Detection and quantitation of intra- 

“cardiac shunts. 

6. Study of myocardial metabolism 
utilizing. tagged fatty acids or other sub- 
Strates. 


Role of Modern Technology 


It is obvious that any nuclear image can 
be displayed in a variety of computer- 
generated modes, and it is not surprising 
that different investigators have their own 
favorite methods and projections for the 
display of data. The progress in com- 
puter-enhanced imaging and in comput- 
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erized tomography leads us to a realiza- 
tion that our technology today-is capable 
of providing us with infinitely detailed in- 
formation about the shape, composition, 
perfusion, motion and metabolism of even 
the smallest particle within the heart. 
Thus, we must consider the role ofcon- 
temporary technology and be aware that 
it can inundate us with more information 
than we can handle in everyday practice. 
Our problem has become a bit different 
from one of learning howto synthesize the 
information by flexing the five familiar 
fingers into the shape of the good old di- 
agnostic fist. We have come to the point 
where we no longer want to collect all the 
available information for the solution to 
practical problems. We are becoming 
more concerned with defining what we 
wish to know about the heart in our patient 
than with the methodic gathering of the 
maximal obtainable information. These 
changes suggest that the new technology 
has made our lives not easier, but more 
difficult. We must allot more time to the 
analysis of the available options, and we 
must become more selective in the 
choice of these options. | believe that the 
former requires more knowledge, and the 
latter more prudence. in the pursuit of 
both, we may need to consider new 
strategies for coping with the over- 
whelming plethora of information that 
encroaches on the meager reserves of 
our spare time. In trying to approach this 
problem | have sketched aut the following 
sample which represents a step by step 
strategic approach to deal with the new 
noninvasive technology in cardiac diag- 
nosis: 


Strategy for Coping With the New 
l Technology 


1. Acquire some rudimentary under- 
standing of the principles of the 
technique. 

2. Understand the purpose of the 
technique and the indications for its 
use. : 

3. Relate the new technique to the 
older, familiar techniques in order 
to learn whether the new tech- 
nique: . 

A. Reveals some previously 
unavailable information 

B. Replaces the older tech- 
niques 

C. Supplements the older 
techniques 

D. Merely duplicates the older 
techniques 

4. Understand the limitations of ac- 
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curacy of the technique. 

5. Know the cost of use of the tech- 
nique. 

6. Obtain information about the state 
of the development of the technique 
and about the future outlook. Will 
the procedure be a passing fad, or 
will it become an established per- 
manent fixture or an intermediate 
stage in the technologic prog- 
ress? 


State of the Art Conference 


| anticipate that many readers will im- 
mediately. question me about where to 
look for such a handy package of infor- 
mation about the new noninvasive tech- 
nology in. cardiac diagnosis. | doubt 
whether a single package of this type is 
available anywhere, because its produc- 
tion may require an input from more than 
ene person. A state-of-the-art report of 
such type, including some consensus and 
reasonable predictions for the future, may 
require input from a sizable group of ex- 
perts. | believe that the College could 
provide a valuable service to its mem- 
bership by asking these experts to pre- 
pare sucha document. This could perhaps 
be accomplished within a framework of 
a state-of-the-art conference, smaller in 
scope than our traditional Bethesda 
Conference but larger than an ordinary 
task force expressing an expert opinion 
on a single method or procedure. if. the 
idea of the envisioned state-of-the-art 
report on the new noninvasive technology 
in cardiovascular diagnosis will be ac- 
cepted by the leadership of the College, 
we will explore with the appropriate 
committees the feasibility of a concept 
conference of this type to be set up at 
Heart House. if successful, such an ac- 
compiishment can reward our member- 
ship with a concise text summarizing the 
current and the future status of the new 
noninvasive technology, and serving as a 
guide toward prudent utilization of this 
technology. 


Borys Surawicz, MD, FACC 
President 
American College of Cardiology 
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The following physicians have been named to the College committees listed below: 


- William Likoff, MD, Chairman 


Pennsylvania 


= Walter H. Abelmann, MD 


Massachusetts 


~ Ji Michael Criley, MD 


California 

James E. Crockett, MD 
Missouri 

Murray S. Hoffman, MD 
Colorado 

Abdulmassih S. iskandrian, MB, ChB 
Pennsylvania 

Eldred D. Mundth, MD . 
Pennsylvania 

William P. Nelson, MD 
Kansas 

Richard L. Popp, MD 

: California 

Charles E. Rackley, MD 
Alabama 

David C. Schwartz, MD 
Ohio 


Annual Scientific Session 
Program Committee 


: Arnold M. Weissier, MD, Chairman, 1981 


Michigan 
Richard P. Lewis, MD, Co:Chaliian, 1980 
Ohio 
Mary Allen Engle; MD, 1980 
New York 
Leonard S. Gettes, MD, 1980 
North Carolina 
Emilio R. Giuliani, MD, 1982 
: Minnesota 


"J. O'Neal Humphries, MD, 1980 


-Maryland 

Richard E. Kerber, MD, 1980 
iowa 

Nicholas Thomas Kouchoukos, MD, 1980 
Alabama 

Hugh A. McAllister, Jr. MD, 1980 
District of Columbia 

Dwight C. McGoon, MD, 1982 
Minnesota 

Dean T. Mason, MD, (AHA Liaison Rep.), 
1980 
California 

Shahbudin H. Rahimtoola, MD, 1980 

; California 

James Scheuer, MD, 1980 
New York 

David C. Schwartz, MD, 1980 
Ohio 


= Borys Surawicz, MD (ex officio), 1980 


. Kentucky 

Robert C. Tarazi, MD, Leeks 
Ohio 

_ Nanette K. Wenger, MD, 1980 
Georgia 





John F. Williams, Jr., MD, 1980 
Texas 


Awards Committee 


Henry D. Mcintosh, MD, Chairman, 1981. 
Florida 
Mary Ailen Engle, MD, 1982 


New York 

Hilliard J. Katz, MD, 1982 
California 

Charles B. Mullins, MD, 1980 
Texas 

Eldred D. Mundth, MD, 1982 
Pennsylvania 

Ralph Shabetai, MD, 1982 
California 

Bethesda Conferences Committee 


Walter H. Abelmann, MD, Chairman, 1981 
Massachusetts 

Robert O. Brandenburg, MD, 1980 
Minnesota 

Charles R. Hatcher, Jr., MD, 1982 
Georgia 

Richard P. Lewis, MD; 1981 
Ohio 


Budget, Finance and Investment 
Committee 


Charles Fisch, MD, Chairman, 1981 
indiana 

Donald A. Dupler, MD, 1982 
Pennsylvania 

Louis Gillespie, Jr., MD, 1980 
District of Columbia 

James J. Leonard, MD, 1980 
Maryland 


Building and Grounds Committee 


Samuel M. Fox, lil, MD, Chairman; 1981 
Maryland 

Louis Gillespie, Jr., MD, 1981 
District of Columbia 

Robert R. Montgomery, MD, 1982 
Maryland 

Jack P. Segal, MD, 1982 
Maryland 


Cardiac Pacemaker Committee 


Victor Parsonnet, MD, Chairman, 1981 
New Jersey. 

Barouh Berkovits, Ing EE, 1981 
Massachusetts 
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Michael Bilitch, MD, 1980 


California 

Doris J. W. Escher, MD, 1981 
New York 

Seymour Furman, MD, 1980 
New York 

William J. Mandel, MD, 1981 
California 

Dryden P. Morse, MD, 1980 
New Jersey 

G. Frank O. Tyers, MD, 1980 


Texas 


Cardiovascular Norms Committee 


John A. Kastor, MD, Chairman, 1982 

-Pennsylvania 

Jonathan Abrams, MD, 1981 
New Mexico 

Albert N. Brest, MD, 1982 
Pennsylvania 

Stanley H. Hoffman, MD, 1952 
California 

Robert C. Schlant, MD, 1981 
Georgia 

William B. Strong, MD; 1981 
Georgia 


Cardiovascular Procedures Committee E 


Arthur D. Hagan, MD, Chairman, 1981 
California 

Arthur C: Beall, Jr., MD, 1981 
Texas 

James S. Cole, MD, 1981 
Kentucky 

Anthony N: DeMaria, 
California 

Harvey Feigenbaum, MD, 1986 
indiana 

Robert J. Hall, MD, 1981 
Texas. 

Paul L. McHenry, MD, 1980 
Indiana 

Bertram Pitt, MD, 1981 
Michigan 

Pentti M. Rautaharju, MD, 1981 
Nova Scotia 

Richard O. Russell; Jr.; MD, 1980 
Alabama = 

Herman N. Uhiey, MD, 1981 
California 


. MD, 1981 


Cardiovascular Surgery Committee : 


Jack M. Matloff, MD, Chairman, 1980. 
California 

Stanley K. Brockman, MD, 1981. 
Pennsylvariia 


















John J. Collins, Jr, MD, 1980 

-... Massachusetts 

-W Dudley Johnson, MD, 1980 
Wisconsin 

: Robert B. Karp, MD, 1982 

— Alabama 

: James W. Kilman, MD, 1981 

c Ohio 

¿Daniel J. Ullyot, MD, 1982 

©. California 


* Constitution and Bylaws Commitiee 


.. Robert E. Whalen, MD, Chairman, 1980 


5t North Carolina 


^ Richard A; Carleton, MD, 1980 
*... Rhode Island 

— Louis Gillespie, Jr, MD, 1982 
District of Columbia 


. Continuing Education Committee for 
Extramural Programs 


.. Leonard S. Dreifus, MD, Chairman, 1982 
-Pennsylvania 

John J. Curry; MD, 1981 

1555. South Carolin 

` James E. Dalen, MD, 1980 

5s Massachusetts 

: Anthony N. DeMaria, MD, 1980 
California 

“Nicholas P. DePasquale, MD, 1982 
New York 

::W. Proctor Harvey, MD, 1981 


© District of Columbia 


-. Suzanne B. Knoebel, MD, (ex officio), 1982 
Indiana 
': Donald F. Leon, MD, 1980 
Pennsylvania 
-. Charles B. Mullins, MD, 1981 
Texas | 
^ Ri Joe Noble, MD, 1982 
^C. indiana 
x: Mictor Parsonnet, MD, 1981 
Uc New Jersey 
^C Richard O. Russell, Jr., MD, 1981 
^. Alabama 
— Bernard L. Segal, MD, 1982 
1. Pennsylvania 
... Ralph Shabetai, MD, 1982 
— 0. Galifornia 
^-^ John H. K: Vogel, MD, 1980 


.. - California 


Sylvan L. Weinberg, MD, 1982 


Ohio 


... Arnold M. Weissler, MD, 1980 
UC Michigan 


-. Credentials Committee 
Paul A. Ebert, MD, Chairman, 1981 
California ; 
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Texas . 
Walt F. Weaver, MD. 1980 

Nebraska 
John F. Williams, Jr. MD, 1980 

Texas 


Gifts, Bequests and Endowments 
Committee — 


Dwight E. Harken, MD, Chairman, 1980 
Massachusetts 
Arthur C. Beall, Jr., MD, 1980 
Texas — 4 
Louis F. Bishop, MD, 1980 ^ 
New York 
Bernard H. Boal, MD, 1980 
New York 


Eliot Corday, MD, 1980 


California ^ - 

Simon Dack, MD, 1980 
New York 

Leonard S. Dreifus, MD, 1980 
Pennsylvania 

Donald A. Dupler, MD, 1980 
Pennsylvania 

Charles Fisch, MD; 1980 
indiana 

Wiliam T. Foley, MD, 1980 
New York 

Allan M. Goldman, ME, 1980 
Louisiana 

Suzanne B. Knoebel, MD, 1986 
indiana 

William Likoff, MD, 1980 
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Henry D. Mcintosh, MD, 1980 
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B: L. Martz, MD, 1980 
indiana 

Henry I. Russek, MD, 1980 
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Government Relations Committee 
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Indiana A 
Arthur C. Beall, Jr., MD (ex officio), 1980 
Texas : 
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Washington E 
Louis Gillespie, Jr., MD. 1981 * 
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Allan M. Goldman, MD, 1981 
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Antonio M. Gotto; Jr., MD, 1980 ] 
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Tennessee 


dames A. Kaufmann, MD, 1980 
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Charles A. Sanders, MD, 1982 
: _ Massachusetts 
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Robert E. Whalen, MD, 1982 
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; Robert D. Conn, MD, 1981 
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Heart House Acquisitions Committee 


William C. Roberts, MD, Chairman, 1981 
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"Donald A. Dupler, MD, 1982 
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Pennsylvania 

Dwight E. Harken, MD, 1981 
Massachusetts 

William A. Sodernan, MD, 1981 
Ohio 


International Education Committee 


Eliot Corday, MD, Chairman, 1980 
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: Mariano M. Alimurung, MD, 1981 
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Theodore Cooper, MD, 1980 
New York : 

Simon Dack, MD, 1982 
New York 

iad. Gelb, MD, 1980 
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Peter T. Kuo, MD, 1981 
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isadore Rosenfeld, MD, 1980 
New York 

- Learning Center Committee 


Suzanne B. Knoebel, MD, Chairman, 1982 
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- "Leonard S. Dreifus, MD, 1981 
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Charles Fisch, MD, 1981 
indiana. 

Samuel Kaplan: MD, 1982 
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James A. Ronan, Jr., MD, 1982 
Maryland 

Arthur Selzer, MD, 1982 
California 

John F. Williams, Jr., MD, 1982 
Texas 


Liaison Committee on Educational - 
Programs 


Leonard S. Dreifus, MD, Chairman, 1980 
Pennsylvania 

Waiter H. Abeimann, MD, 1981 
Massachusetts 
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Simon Dack, MD, 1983 
New York 

Suzanne B. Knoebel, MD, 1982 
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Library Acquisitions Committee 


B. L. Martz, ND, Chairman, 1981 
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Arthur C. Beali, Jr., MD, 1982 
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Michael S. Gordon, MD, PhD, 1982 
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District of Columbia 

David C. Schwartz, MD, 1982 
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Long Range Planning Committee 


Robert O. Brandenburg, MD, Chairman, 
1980 
Minnesota : 

Dan G. McNamara, MD, Vice Chairman, 
1980 
Texas 

Walter H. Abelmann, MD, 1981 
Massachusetts 

Leonard S. Dreifus, MD (ex officio), 1980 
Pennsylvania 

Donald A. Dupler, MD, 1981 
Pennsylvania 

Paul A. Ebert, MD, 1981 
California 

Charles Fisch, MD, 1981 
indiana 

Jack H. Hall. MD, 1981 
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-Herman N; Uhley, MD, 1982 
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Texas 
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John J. Collins, Jr., MD, 1982 

Richard L. Popp, MD, 1982 
California 

Shahbudin H. Rahimtoola, MD, 1982 
California 


California 


Membership Committee x 


James W. Kilman, MD, Chairman, 1980 E 
Ohio 

William F. Friedman, MD, 1982 — 
California . 

J. Douglas McNair, MD, 1981 
California 

Shahbudin H. Rahimtoola, MD, 1980 
California 


Nominating Committee 


Charles Fisch, MD, 1980 








Indiana, 

Gordon A. Logan, MD, 1981 
Washington © : 

Dwight C..McGoon, MD, 1980 
Minnesota 

T. Joseph Reeves, MD; 1980 
Texas 

Arthur Selzer, MD, 1981 
California 

Robert F. Zelis, MD, 1980 
Pennsylvania 

Pediatric Cardiology Committee 





David C. Schwartz, MD, Chairman; 1981 
Ohio 

Forrest H. Adams; MD, 1980 
Hawaii 

Donald A. Girod, MD; 1981 
indiana 

Samuel Kaplan, MD, 1980 
Ohio 


“Saul J. Robinson, MD, 1980 
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. Herbert D. Ruttenberg, MD, 1982 
Utah 


: Preventive Cardiovascular Disease 
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MD, Chairman, 1981 
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-Robert D. Conn, MD, 1982 
Missouri : 
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‘Leonard S. Gettes, MD, 1982 
North Carolina 

Richard H. Helfant, MD, 1981 
Pennsylvania 


Ad-Hoc Committee on 
Credentialling issues 


Robert O. Brandenburg, MD, Chairman 
Minnesota 

James E. Dalen, MD 
Massachusetts 

Paul A. Ebert, MD 
California 

Paul L. McHenry, MD 
indiana 

H. J. C. Swan, MD, PhD 
California 

John F. Williams, Jr., MD 
Texas 


COLLEGE REPRESENTATIVES TO 
OTHER ORGANIZATIONS 


American Academy of Family Physicians 
Robert S. Eliot, MD 
Nebraska 


American Association for the 
Advancement of Science 


Edward W. Hawthorne, MD 
Maryland 


American Board of Internal Medicine and 
Subspecialty Board Liaison on 
Cardiovascular Disease 


Leonard S. Dreifus, MD 
Pennsylvania 

Robert O. Brandenburg. MD 
Minnesota 

Borys Surawicz, MD 
Kentucky 


American College of Physicians 


Council of Subspecialty Societies 
Leonard S. Dreifus, MD, 1981 
Pennsylvania 


American College of Surgeons 


Dwight C. McGoon, MD 
Minnesota 

Jack M. Matloff, MD 
California 











i: Heart Association 


ACC/ AHA Cardicvascular Drugs 


August M. Watanabe, MD, Chairman 
(ACC/AHA), 1880 
Indiana 

Carlos Ayers, MD (AHA), 1981 
Virginia 

Gerald Glick, MD (ACC), 1980 
lilinois . . 

Russell G. McAllister, Jr., MD (ACC), 

1982: 
Kentucky 

Alan S: Nies; MD (AHA), 1980 
Colcrado 

Michael R. Rosen, MD (ACOR 1982 
New York 

Roger A. Winkle, MD (AHA), 1981 
California 


doint Officers Committee 


Robert O. Brandenburg, MD 
Minnesota E 

Leonard S. Dreifus, MD 
Pennsylvania 

William D. Nelligan, CAE 
Maryland 

Borys Surawicz. MD 
Kentucky 


Liaison With Annual Scientific 
Program Committee 


Arnold M. Weissler, MD 
Michigan 


American Institute of Ultrasound in 
Medicine 


Harvey Feigenbeum, MD. 
indiana 


American Medical Association 


Ad Hoc Subcommittee on Ultrasound 
Technology Essentials 


Arthur D. Hagan, MD 
California - 


Commission on Emergency 
Medical Services 


Max Harry Weil, MD 
Delegate i 
California 
Leonard A. Cobb. MD 
Alternate Delega:e 
Washington 

















. ; 
Current Medical Terminology Project ] 


Gerald Glick, MD 
. Blinois 


- Interspecialty Advisory Board 





David B. Carmichael, Jr., MD, 
Representative — 
California 


Dan G. McNamara, MD; Alternate 
Representative 
Texas 


Liaison Committee on Cardiopulmonary 
Resuscitation 


Stephen W. Carveth, MD 
Nebraska 


Section Council on Soe 
Disease 


David B. Carmichael, Jr., MD 
Chairman 
California 

;; Robert ©. Brandenburg, MD 

Vice Chairman 
Minnesota 

Werner E. Samson, MD 
Washington 

William A. Sodeman, MD 
Ohio 


“American National Standards Institute 


Medical Devices Technical Advisory 
Board 
Thomas Killip, MD 
lilinois 


American Registry of Pathology 


Irwin K. Kline, MD 
Pennsylvania 





Association for.the Advancement of 
Medical Instrumentation 


Representative 


Borys Surawicz, MD 
Kentucky 


Additional Representatives 
Robert O. Brandenburg, MD 
Minnesota 


Dan G. McNamara, MD 
Texas 


Oxygenator Standards Committee 


William G. Malette, MD 
Nebraska 


Food and Drug Administration 
Ad Hoc Professional. Committee 


August M. Watanabe, MD 
gana 


inter- “Society ‘Commission for Heart 
Disease Resources : 


Samuel M. Fox, ili, MD 
Maryland 


National Academy of Sciences — 
Assembly of Life Sciences 


Borys Surawicz, MD 
Kentucky 


National Commission for Clinical 
Engineering Certification 


Alvin H. Freiman, MD 
New York 


National Heart, Lung, and Blood Institute 
Liaison with Institute Director 


Leonard S. Dreifus, MD 
Pennsylvania 
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National Society tor Medical Research — 
Council 
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Robert O. Brandenburg, MD: 
Minnesota 4 
Jack H. Hall, MD 
indiana 
Borys Surawicz, MD 
Kentucky 








National High Blood Pressure Educatio 
. Program 


Edward D. Frohlich, MD 
Louisiana. 


National Society for Cardiopulmonary 


Arthur D: Hagan, MD 
California ^ 


- William H.. Wehrmacher, MD 
lilinois 


* 
* 


World Health Organization 


-Task Force on Definition and — E 
Classification of Cardiomyopathies 
‘Robert O. Brandenburg, MD c 
Minnesota. zu 


Task Force on Nomenclature of — 
Arrhythmias 


Charles Fisch, MD 
Indiana 
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CALENDAR OF EXTRAMURAL PROGRAMS 


_ The aim of each program is to increase the 
‘theoretical and practical knowledge of the 
- normal and abnormal function of the cardio- 
_ vascular system in man. Most of the programs 
-are pertinent to direct care of patients with 
heart disease. The need for such programs 
increases with the ever increasing amount of 
_ scientific sand clinical: data, the- constant 
_ changes in technology and methodology, and 
:the greater availability of therapeutic options. 
: Today most cardiologists, internists -and family 
c practitioners feel the need of supplementing 
_their professional reading by direct contact 
with the authors, research workers and leaders 
nthe fid —— — 
To solve these problems the Committee 
ects each year series of carefully super- 

















vised programs which are usually preceded by 
extensive consultations with the program di- 
rectors recruited among the foremost spe- 
cialists educators and scientists in the field of 
clinical cardiology and allied basic science 
disciplines. 


Although each program director is person- 


ally responsible for the choice of faculty, and 
the structure of the program, the National 
Committee of Continuing Education assumes 


the overall responsibility for the caliber of the 


postgraduate education and the relevance to 
the practice of cardiology. This is accom- 
plished by the processes of meticulous scru- 
tiny of the objectives, analysis of the educa- 


tional methods, and studying the impact of ' 


each course on the knowledge and attitudes 


. College of Cardiology, Heart House, 9111 Old Georgetown Road, Bethesda, Maryland. 20014. 





JUNE 


of the participants. 

These programs should help each physician 
to keep up with.the new knowledge, to put into 
practice the new advances and to retract 
gracefully. from the obsolete and useless 
practices. An effective practitioner must learn 


-and relearn, listen to new ideas, share past 


experiences and observe the work of his 
peers. The National Program Committee for 
Continuing Medical Education of the American 
College- of Cardiology believes that these goals 
can be accomplished by. all: members and 
norimember professionals participating in our 


continuing education programs. 


Leonard S. Dreifus, MD, FACC. 
Chairman, Continuing Education Committee 
for Extramural Programs 


«Programs and faculty are subject to change. For further information write Registration Secretary, Extramural Programs Department, American 





1979 THROUGH NOVEMBER 1979 





<: Tobe Preceptorships in Cardiology. Arthur 
: arranged Seier, FACC, director. Pacific Medical 


« individu- Genter’ San Francisco, Calif. 
o To be Preceptorships in Echocardiography. 


“atranged Joel Morganroth, FACC, director. Lan- 


<: individu- kenau Hospital, Philadelphia, PA 
cally 
Tobe Preceptorships in Cardiology. Jules 


"arranged Constant, FACC, director. Buffalo Gen- 


individu- eral Hospital, Buffalo, NY 
|y 
JUNE Cardiac Auscultation Workshops. Jules 


8-10 Coristant, FACC, director. Niagara Hilton 
a Hetet, Niagara Falls, NY 


JUNE 


i Sixth Annual Symposium. Clinical 
(033-16 


Echocardiography: Fundamentals and 
New Developments in Cardiac Ultra- 
sound. Arthur D. Hagan, FACC, director 
and William F. Friedman, FACC and 
Waiter V. R. Vieweg, FACC, co-direc- 
tors. Sheraton Harbor Island Hotel, San 
Diego, CÀ 


(JUNE 


E Medical and Surgical Management of 


Coronary Artery Disease. M. Leo 
Hughes, Jr., FACC, director and Robert 
C. K. Riggins and Richard P. Anderson, 
co-directors.. Virginia Mason Medical 
Center, Seattie, WA 


1286. 
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AUG. Tutorials in the Tetons: Cardiac Emer- 

25-27 gencies (Fifth Annual}. Robert S. Eliot, 
FACC and Alan D. Forker, FACC and 
Gerald L. Wolf, co-directors. Jackson 
Lake Lodge, Moran, WY 


SEPT. 
10-13 


Electrocardiography: Core Curriculum 
and Self-Assessment, Paul L. McHenry, 
FACC, director and Charles Fisch, 
FACC, co-director. Wishard Memorial 
Hospital, indiana University Medical 
Center, indianapolis, IN 


SEPT. 
10-13 


Electrocardiography: Core Curriculum 
and Self-Assessment: Arthur Selzer, 
FACC, director. Fairmont Hotel, San 
Francisco, CA 


SEPT. 
17-19 


Advanced Echocardiography. Harvey 
Feigenbaum, FACC, director and Betty 
C. Corya, James C. Dillon, FACC and. 
Arthur E. Weyman, FACC, codirectors. 
indianapolis Hilton Hotel, indianapolis, 
IN 


OCT. New Concepis in the Management of 
11-13 Congestive Heart Failure. Peter C. 
Gazes, FACC, dírector:and Charles P. 
Summerall, ill, FACC, Grady H. Hendrix, 


FACC, William H. Barnweil, If, FACC, 


Bruce W. Usher, FACC, J. Lindsay 
Leviner, FACC, Robert G. Irvin, FACO 
and Larry E. Kibler, co-directors. Kiawah 
island inn, Kiawah Island, Charleston, 
SC 








OCT. Cardiology Update— 1979. William W. 


16-20 Parmley, FACC and Kanu Chatterjee, 
FACC, co-directors. Del Monte Hyatt 
House, Monterey, CA 

oct. Correlations in Ischemic Heart Dis- 

22-23 ease. Leonard S. Gettes, FACC, direc- 
tor. Carolina Inn, University of North 
Carélina at Chapel Hill School of Medi- 
cine, Chapel Hill, NC 

OCT. New. Technicues and. Concepts in 

25-27 Cardiology. Coronary Artery Disease: 


Rehabilitation, Surgery, Coronary 
Spasm, Balloon Dilatation; Valvular 
Heart Disease; Hypertrophic Cardio- 
myopathy. Stephen E. Epstein, FACC, 
director. Hyatt Regency Hotel, Wash- 
ington; DC 


NOV. Cardiology for the Consultant: A Clini- 

5-14 cian's Retreat. E. Grey Dimond, FACC 
and james E. Crockett, FACC, co-di- 
rectors. Rancho Santa Fe Inn, Raticho 
Santa Fe, CA 
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p LEARNING CENTER: PROGRAM CALENDAR 

















R of Cardiology's newest department, the Learning a new standard of excellence in cardiovascular continuing education, 
Center, located at the College’s Bethesda Maryland headquarters, began For additional information concerning the programs listed below or for 
operations in October. 1977 with the offering of its first-continuing a complete schedule of programs through December 1979, conta 
- medical education program for physicians with a specialty or an interest Program Coordinator, Learning Center; American College of Cardiology. 
in cardiovascular medicine. The purpose of the Learning Center is to 9111 Old Georgetown Road, Bethesda; Merviens 20014. + Telegnone 
: “= Support the professional commitment to quality patient care by providing (301) 897-5400. 














JUNE 1979 THROUGH NOVEMBER 1979 


























Month/Dates ES Course Director -Title of Program 
dune 14-13 Shahbudin H; Rahimtoola, MD, Valvular Heart Disease 

ves FACC 

. June 20-22 Michael S. Gordon, MD, FACC Cardiac Auscultation 

. June 25-27 Sylvan L. Weinberg, MD, FACC CCU Update for Nursing Supervisors 
July 5-7 : G. Charles Oliver, MD, FACC Ambulatory Monitoring and Sudden Death 5 
Sept. 5-7 5C a O'Neal Humphries, MD Coronary Care Units: 15 Years Later. 
Sept 10-12 - Dan G. McNamara, MD "Pediatric Cardiology : 
Sept. 17-19 Louis Lemberg, MD ccu Update for Nursing Supervisors cU 
Sept. 24-26 Kenneth M. Rosen, MD Evaluation of Arrhythmias With His Bundle Recording and Stimulation 
Sept. 27-28 Douglas P. Zipes, MD The New Generation Pacemaker. 
Oct. 8-10 . Leonard S. Dreifus, MD Interpretation and Therapy of Cardiac Arrhythmias 
Oct. 15-17 : Marvin Moser, MD Hypertension . | 

Oct. 29-31 Max Harry Weil, MD Emergency Care of the Critically i Patient | 

*Nov..1-3 Barrie Levitt, MD Cardiovascular Pharmacology: 

“Nov. 28-30 .. William W. Parmley, MD Non-invasive Cardiovascular Procedüre: Sensitivity and Specificity : : 
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INTERMEDICS s 
PULSE GENERATORS 
INDICATIONS FOR USE Implantable car- 

diac pulse generators may be indicated 

for long-term treatment of impulse forma- 
tion orconduction disorders resulting in 
symptomatic bradyarrhythmias, tachyar- 
thythmias, and heart block unresponsive 

to drug therapy. 

PRECAUTIONS Implanted pacemakers 

have a finite and relatively wide variable 
service life as a result of factors such as the 
initial capacity of the battery and the shel! 
storage time of the manufactured pace- 
maker, variations in electrode system resis- 
tances, stimulation rate, and the percentage 
of time the implanted pacemaker is inhib- 
ited; and random electronic component 
failures. 

Pacemaker operation can be influenced 
by electric, magnetic, or electromagnetic 
energy mimicking normal cardiac activity. 
In addition, certcin environmental sources 
can couple sufficient energy into a pace- 
maker system to damage the pulse gener- 
ator. Specifically, diathermy should not be 
used on pacemaker patients because of 
possible total inhibition of the pulse 
generator; electrocautery can inhibit 
and/or damage the pacemaker as well as 
cause burns or possible ventricular fibrilia- 
tion; defibrillation can damage the 
pacemaker, and the presence of the 
pacemaker may cause increased cardiac 
muscle damage trom defibrillation. Cer- 
tain electrical and gasoline-powered 
appliances can cause inhibition ofan 
implanted cardiac pacemaker system. 

For complete precautions, see the Physi- 
cian’s Manual for the Intermedics cardiac 
pulse generator to be used. 
CONTRAINDICATIONS AND SIDE EFFECTS 
There are no known contraindications to 
the use of pacemakers as a medical 
method for control of heart rate. Body 
rejection phenomena, local tissue reaction 
or skin necrosis, muscle and nerve stimula- 
tion, embolism, ànd cardiac tamponade 
have been reported. 
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4. RELIABILITY 





interLith-RP. The reliable response to changing 


. rate requirements. 

















Now InterLith-RP combines a fail-safe rate program- 
ing system with the pacemaker reliability that has 
?stablished Intermedics as a leader in the pacemaker 
ndustry. 

With a cumulative survival rate at twenty months of 
39.7%, the outstanding reliability of the InterLith-RP is 
supported by Intermedics' Patient Lifetime Replacement 
Agreement. 

AllInterLith-RP components are selected for superior 
longevity and high reliability This rate-programmable 
; pacemaker employs the same dependable CMOS cir- 
cuitry and lithium-iodine power source which have prov- 
en successful in other Intermedics pulse generators. 

The InterLith-RP combines rate programmability with 
ntermedics pacemaker reliability to give you control 
[nd confidence in your heart pacing decisions. 
Reliability isjust one important reason to put your 
Bafidenceinthe InterLith-RP 


nterLith® is a registered trademark of Intermedics, Inc., Freeport, TX. 
‘ 
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ipid abnormal ities are often part of a broader 

| ical picture. For example, a recent study! 
leports an association between hypertension and 

INpertriglyceridemia——the most common form of 
hyperlipidemia. (See table below.) 


t 
Incidence of Hyperlipidemia 


í Type of Hypertensives Normotensives 
E. Hyperli pidemia* (89 subj jects) (89 subj jects) 


deer ^ | 9% (8) 7% (6) 
6% (5) 3% (3) 
26% (23) 1196 (10) 

(o0 4M (36 — 21% (19) 


hen cholesterol levels exceeced 282 mg% 
& Over 177 mg'6 culo pants higher than the usual 


GW. etait 


The essential measurements— 
cholesterol and triglycerides 


“Today, lipid determinations are recommended as 
- part of every general medical examination. 


iecause eievated lipids a coexist with high 
loog pressure, itis especially important to screen 
ypertensive patients for hyperlipidemia. Testing 
or both cholesterol and triglycerides is considered 
essential, +5 since it increases the chances of 
etection from 6 out of 10 to 9.5 out of 10.6 


N IMPORTANT NOTE: it has not been established 
pus the drug-induced lowering of serum cholesterol or 
ipid levels has a detrimental, beneficial, or no effect on the 
orbidity or mortality due to atherosclerosis or coronary 
art disease. Several years will be required before current 
estigations will yield an answer to this question. 


. Atromid- 


(clofibrate) se: : 


significantly lowers 
serum levels of 
cholesterol and/or 
triglycerides 


Proved bord in study after Mudy 
In clinical studies involving patients with 
drug-responsive hyperlipoproteinemia, diet plus 
ATROMID-S (clofibrate) lowered serum cholester 
levels from 22% to as much as 52% and reduce 
triglyceride values over a range of 19% to 80%?" 


* 


Patient acceptance is generally good 


In more than a cecade of use, clofibrate has been 
generally well tolerated. Major adverse effects — 
are primarily gastrointestinal, with nausea being - 
piede ant Other- G-I: reactions include loose - 
stools, flatulence, abdominal distress, and, 
infrequently, galistones. Less common reactions 
include muscle cramping, myalgia, and alopecia. 
Please see "Important Note" at left and Warning on 
concomitant anti icoagulant usage in prescribing 
information on following page. 


The most widely prescribed antilipemic agent 


Atr mid-S 


Clo erus 


ext page of this advertisement for prescribing informati 






























P^ tromid-S (clofibrate) 
capsules bid. 


BRIEF SUMMARY 
For ful prescribing information, see package Circular} 
ROMID-S* Brand of clofibrate 
Antilipidemic agent for reduction of elevated serum lipids 
INDICATIONS: £TROMID-S is indicated as adjunctive therapy in patients who do not 
sspond áequasely lo diet and other measures for the reduction of elevaied serum 
“Cholesterol (especially ihe beta lipoprotein fraction) andor inglycendes. Ciofibrate ap- 
pears ic have a greater depressant effect on the very iow density ipoproteins (S4 20- 
4 in triglycerides than the low density ipoorotems (350-20) rich in cholesterol 
indicated for treatment of patients with xanthoma tuberosum asso- 
: lipidemia. The skin lesions frequently regress with clofibrate 
it has net been established whether the drug-mduced fowering of serum cholesterol or 
ipid evels has a detrimental, beneficial, or no effect or the morbidity or mortakty due to 
atheroeclerosis.or coronary heart disease. Several years wil! be required before current 
gations wil yield an answer to his question 

FRAINDICATIONS: Clofibrate is contraindicated in pregnant women. While 
eratogenit studies have not demonstrated any effect attributable to clofibrate, itis known 
"that serum of the rabbi fetus accumulates a higher concentration of clofibrate than that 
found tomaterna serum, and it is possible that the fetus may not have developed the 

nzyme system required for the excretion of ciofibrate 

is contraindicated in lactating women since tig not known if clofibrate is secreted in the 


















indicated in patients with clinically sgnificant hepatic or renal dysfunction. 


indicated in patients with primary biliary cirrhosis since it may raise the already 
evatec cholesterol in these Cases 
WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE 
GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL 
UCASE) TO: MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
“BLEEDING. COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 
ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN 
LEVEL HAS BEEN STABILIZED 
Strict birthi controkprocedures must be exercised by women of childbearing potential. 
ni;patienis who plan to become pregnant, clofibrate should be withdrawn several 
months oefore conception. Because of the possibility of pregnancy occurring despite 
ith control precautions in patients taking clofibrate, the possible benefits of the drug 
the palient must be weighed against possible hazards to the fetus. 
dministration of ciofibrate to mice and rats in long-term studies at eight times the human 
dose resuted in a bigher incidence of iver tumors than in controls. Lower doses were not 
= studied. Although the relevance of this finding tohumans is not known at this time, it Can- 
/not be d'smissec especially since this drug is intended for long-term adminis- 
ation ATROMID-S should be used only in patients with hyperlipidemia who do not 
Tespord edequatery to dietary intervention 
“PRECAUTIONS: Before instituting therapy with clofbrate, attempts should be made to 
‘control serum lipids with appropriate dietary regimens, weight loss in obese patients, 
control of diabetes mellitus. etc 
Because of the long-term administration of a drug of tis nature, adequate baseline 
studies should be performed to determine that the patient has significantly elevated serum 
ipid leveis. Frequent determinations of serum lipids should be obtained during the first few 
months of ATROMICES administration, and periodic determinations thereafter. The drug 
should be withdrawn after three months if response is inadequate. However, in the case of 
xanthomatuberosum, the drug should be employed for longer periods (even up te one 
year) provided that there is a reduction in the size and/cr number of the xanthomata 


Subsequent serum lipid determinations should be done to detect a paradoxicai rise in 
serum cholesterol er triglyceride levels. Clolibrate will net alter the seasonal variations 
‘of serum cholesterol peak elevations in midwinter and late summer and decreases in 
fall and spring. if the drug is discontinued. the patient should be placed on an 
appropriate hypotpidemic diet, and His serum pides should be monitored until 
stabilized, as a rise in thése values to or above the original baseline: may occur ~ 










































During clolifirate therapy, frequent serum transaminase ceterminations and oterdy 
function tests should be perlormiec since the drug may produce abnormalities in tei 
parameters. These effects are usualy reversible when the drug is discontinued. Hepa 
biopsies are usually within normal ienis. ff the hepatic funcion tests steadily rise or sho 
excessive abnormalities, the‘drug should be withdrawn. Therefore use with caution. in 
those patents with a past history of jaundice or hepatic disease. 
Ciofibrate may produce "flu ike" symptoms (muscular aching, soreness, cramping). The 
physician should differentiate this fom actual viral and/or bacterial disease. 
Use with caution in patients with peptc ulcer since reactivalion has Deen reported 
Whether tis is drug-related is unknown. 
Compete blood counts should be done periodically since anemia, and more frequentiv. 
leukopenia have been reported in patents who have bees taking clofibrate. 

Various cardiac arrhythmias have been reportec with the ese af clofibrate. 

Several investigators have observed in ther studies that clofibrate may pradgce 
decrease in Cholesterol linoleate but ar increase in palmaoleate and oleate, the latte 77 
being considered atherogenic in experimental animais. The significance of this findin:, 
is unknown at this time 
ADVERSE REACTIONS: Of the pertinent reactions, the most common is nausea. Less“ 
frequently encountered gastrointestinal reachons are vomitng, loose stoois, dyspepsia, 
flatulence, and abdominai distres Reactions reported less often than gastrointesti 
ones ae headache, dizziness, and fatigue; muscle cramping, aching, and weakness, skii 
fash. urticaria, and pruntus. dry battle haw, and alopecia. 


The follow:ng reported adverse reactions are listed alphabetically by systems: 


Cardiovascular 
increased or decreased angina 
Carciac arrhythmias 
Both swelling and phiebitis at site of xanthomas 
Derma:ologic 
Skin trash 
Alopecia 
Allergic reaction including urticara 
Dry sion and dry brittie hair 
Pagrus 
Gastretestinai 
Nausea 
Dianmea 
Gastointestinal upset (bioaling, flatulence, abdominal distress) 
Hepatomegaly (not associated wich hepatotoxicity) 
Gaístones 
Vomiing 
Stomatitis and gastritis 
Genitourinary 
impotence and decreased libido 
Findings consistent with renai dysfunction as evidenced by dysuria, hematuna, pr 
teinuria, decreased urine output. One patient's renal biopsy suggested “allerg ` 
reaction ^ 
Hematclogic 
Leukopenia 
Potentiation of anticoagulant effec: 
Anema 
Eosinoprilia 
Musculeskeletal 
Myalcia (muscle cramping, aching. weakness) 
“Flu fixe” symptoms 
Anhraigia 
Neurologic 
Fatigue, weakness, drowsiness 
Dizziress 
Headache 
Miscellaneous 
Weight gain 
Folypnhaga 
Laboratory Findings 
Abnomal liver function tests as evidenced by increased transaminase SGOT, 
SGPT). BSP retention, and increased thymol turbidity 
Proteinuria 
Increased creatine phosphokinase 
Repored adverse reactions whose direc! relationship wih the drug has not le: 
established: peptic ulcer, gastrointestinal hemorrnage, rheumatoid arthütis, tremors 
creased perspiration, systemic lupus erythematosus, blumed vision, gynecoma: 
thrombocytopenic purpura. 
DOSAGE AND ADMINISTRATION: initia: The recommended dosage for adults is 
daily, in dreaded doses. Some patients may respond to a lower dosage 


Maintenance: Same as tor intial dosage 
Note: in children, insufficient studies have been done to shew safety and efficac 


DRUG INTERACTIONS: Caution should be exercised when anticoagulants are give 
conjunetan with ATROMID-S. The dosage of the anticoagulant should be mduced usu 
by one-half (depending cn the individual case) to maintain the profhrorsbin time dl 
desired levei to prevent bleeding compiications. Frequent prothrombin determinations 
advisable until it has been debnitely determined that the prothrombin ‘evel has b. 
stabiizec. 

MANAGEMENT OF OVERDOSAGE: While there has been noreported case of overc 
age, should t occur, symptomatic supportive measures should be taken 


HOW SUPPLIED: ATROMID-S-—No 243——Zach capsule corsains 500 mg clofibrate 
bottles ot 100 

References: 1. Thomas, G. Wetal. Br Med. J. 2:805 (Sept. 24) 1977. 2. Ahrens, E 
Jr: Ann, intern. Med. 85:87 (July) 1976. 3. Council on Foocs and Nutrition: J.A. 
222:1647 (Dec. 25) 1972. 4. Scheig, R: Conn. Med. 39:71 (Feb. 1975. S. Letters te 
Editor. Current Prescribing (July) 1977, p. 15. 6. Fredrickson, D. S., et al, in Holt 
W L. Carlson. L. A., and Paoletti, R. ieds.1: Drugs Affecting Lipid Metabolism, vc 
New York. Plenum Press, 1969, p. 314. 7. Brown, H. B.. Lewis, L. A., and Page. T. H. 
Pharmacol Ther. 17:171 (Feb.) 1975. &. Ge'fand, M. L., and Garbor, M. Exhibit, Am: 
can College of Cardiology Meeting. New Orleans, La., Feb. 2:-Mar 1, 1970. 9. Zelis, 
et al. J. Clin. invest. 49-1007 (May) 1970. 19. Levy R. Letal Ann, Intern. Med. 77 
(Aug.) 1972. 11. Berkowitz, D: JAMA. 2:8:1002 (Nov. 15) 971. 12. Lorenzo, ^i. 
etal. Curr. Ther. Res. 22:147 (July Sect. 2) 1977. 


























































































Ayerst Laboratories. 
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| Ayerst. 


Why buy 


ECG 


if you cant see high-frequency and 
low-amplitude signals like these? 


lou can get instruments with 
jood high-frequency response. 
mr others that can pick up low 
Ne mplitudes. But would you really 
y Fust a diagnosis if you couldn't 
ust your ECG to do it all? 


Vith the Cambridge Mode! 3038/2 
IB-channel ECG, you get all the 

hs ser e IRI fidelity you need... 

g TICCUECEVIVEe EST RE THE T] 
f@earts of the complex. Distortion- 


Mice. Sharply defined. Every time. 


-Recorder frequency response of 
‘nore than 200 Hz allows the 
8038/2 to respond to high-fre- 

T IA low-amplitude signals so 
M | 


Á 


Lomas. 


small, other ECG's may miss 
them. A combination of low-fric- 
tion heated stylus and powerful 
servo-motor producestracingsso 
precise, nonotchesareslurred... 
no vital data lost — even when 
changes in signal level are less 
than 10 microvolts (0.1 mm at 
standard sensitivity). 


Of course, you may want more 
than a superior tracing. That’s 
why we've designed-in a semi- 
automatic mode to give you extra 
control and flexibility when pa- 
tients are uncooperative or ner- 
vous. That's why you're able to 
addavariety oflead programming 
options to meet your exact re- 
cording formatrequirements. And 
that's why it's so expandable, you 
can add heart-sound/pulse-wave 


recording, a computer phone 
terminal, a hum filter unit... or 
even buy a special "S" version for 
double-duty use as a mobile, 
stand-alone ECG or the heart of a 
modular stress test system. 


Get it all, with the Cambridge 
Model 3038/2. For details, write 
or call: Cambridge Instrument 
Company, 73Spring St., Ossining, 
N.Y. 10562 (914) 941-8100. 


Cambridge 
Instrument 
Company, Inc. 


first in electrocardiography 





For ventricular arrhythmias. 
For atrial arrhythmias. 





For smooth, trouble-free conversion. 


For steady maintenance. 


rj Greater GI tolerance 
than with quinidine sulfate 
O Full quinidine cardiodynamics 
O Convenient b.i.d. or t.i.d. dosage 
for most patients 


CARDIOQUIN Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of a broad range of cardiac arrhythmias 
(see Brief Summary). After conversion to normal sinus rhythm 
—whether with CARDIOQUIN Tablets or electroconversion — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate 
salt of quinidine is required for maintenance in most cases. 
The polygalacturonic acid serves as a buffering moiety. It pro- 
tects the mucosa of the stomach and permits dependable 
absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical 
Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972; p. 456. 


BRIEF SUMMARY-—INDICAT ONS: CARDIOQUIN Tablets (quinici. 
polygalacturonate) are indicated in the treatment of: premature atr 

and ventricular contractions; paroxysmal atrial tachycardia; parcx) 

mal AV junctional rhythm; atrial flutter; paroxysmal atrial fibrillatic 
established atrial fibrillation when therapy is appropriate; paroxysr 
ventricular tachycardia wher not associated with complete he 

block; maintenance therapy after electrical conversion of atrial ft P 
lation and/or flutter. CONTRAINDICATIONS: Aberrant impulse: < 
abnormal rhythms due to escape mechanisms should not be tre. ^ 
with quinidine. WARNING: In the treatment of atrial flutter revers: 

to sinus rhythm may be preceded by a progressive reduction in * 
degree of AV block to & 1:1 ratio and resulting extremely rapid v 
tricular rate. COMPOSITION: Each CARDIOQUIN Tablet (quinid 
polygalacturonate 275 mg.) is equivalent in quinidine content it 
grains quinidine sulfate. DOSAGE AND ADMINISTRATION: Dose 
must be adjusted to individual needs, both for conversion and mai - 
tenance. An initial dose of 1 to 3 tablets may be used to termi . _ 
arrhythmias, and may be repeated in 3-4 hours. If normal sinus rhytt — 
is not restored aftr 3 or 4 equal doses, the dose may be increas: 
by % to 1 tablet (137.5 to 276 mg.) and administered three to fo 
times before any further dosage increase. For maintenence, o 
tablet may be used two to three times a day; generally one tat.. 
morning and night will be adequate. SUPPLIED: Uncoated, scoi: 
tablets in bottles of 100. z 
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